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PROBLEM 


A number of recent studies have explored the quantitative rela- 
tionship between psychological process and muscular phenomena 
(Courts, 2), generally with positive results. Such findings raise the 
question whether there is also a qualitative relationship; whether 
different kinds of psychological processes can be detected as different 
kinds of muscular phenomena. Now muscular excitations at a single 
point can possess no qualitative differences one from another except 
in temporal pattern. There is, however, the possibility of quali- 
tative differences in the distribution of muscular excitation over the 
organism. Hence we are led to the investigation of patterns of 
muscular response in various types of activity. Ina preceding paper 
(5) the pattern of response in a tendon reflex was investigated. Vol- 
untary movement is commonly recognized to comprise complex 
muscular adjustments, for it is usually described as ‘coordinated,’ 
but the nature of the complex still remains rather vague. Dodge 
and Bott ('7) wrote that there is “‘a more or less widespread wave of 
motor excitation in the voluntary flexion and extension of a mobile 
member. Just how widespread it is we do not know.” 

Present knowledge about the involvement of muscles in a simple 
voluntary movement is somewhat proportional to their distance from 
the locale of the major action. The role played by the antagonist 
has been the subject of a long series of investigations and discussions 
as to whether there is reciprocal relaxation, co-contraction, or in- 
activity. Reviews of the subject have been written by Tilney and 
Pike (20), Wachholder (21, 22, 23), Wilson (24), McKinley and 
Berkwitz (14), and Stetson and Bouman (19), so that it is not neces- 
sary to discuss the question in detail here. In general there is agree- 
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ment that co-contraction is a very common phenomenon; most would 
say a practically universal one, though Stetson and his associates 
(8, 11, 12, 18) argue for the ballistic (unopposed) nature of highly 
skilled movements. No one, apparently, has presented any direct 
evidence for reciprocal relaxation, except such as necessarily occurs 
when a muscle shifts from the role of agonist to antagonist, during 
voluntary movement, though the theory is still sometimes expounded 
on the basis of Sherrington’s work on reflexes in preparations. 

One might suppose that the co-contraction of an antagonist is a 
secondary phenomenon, a myotatic reflex produced by the stretching 
of the antagonist under the pull of the agonist. That this cannot be 
the case, however, is shown by the evidence summarized by Wach- 
holder. The time relations make such an explanation impossible, 
for the action potentials in the opposing muscles are practically 
coincidental. 

The action of synergic and supporting muscles in the production 
of a movement is recognized as necessary for most if not all voluntary 
movements. ‘These terms are used to designate those muscles whose 
operation yields some evident contribution to the mechanics of the 
movement. Stetson and Bouman described the pattern of muscular 
coordination in speech, shown the existence of both spatial and tem- 
poral characteristics. ‘The supporting muscles were found to act 
rhythmically with the protagonists up to a rather high rate. Sperry 
studied the supporting musculature in reciprocal and circular arm 
movements. Here the remote muscles, the deltoid, for example, 
continue to follow the separate movements of a tapping performance 
even when the rate is higher than they can produce when operating 
as primary movers. Wachholder presented the evidence on time of 
occurrences of synergic actions, and concluded that these too are so 
nearly synchronous with the main response that they must be initi- 
ated by the same group of neural discharges. 

In complex acts, such as walking, in which more than one part of 
the body is in motion at the same time, muscular action is clearly 
widespread. The pattern has been studied by Hubbard and Stetson 
(10) and others. But the muscular action described is such as to 
yield a fairly obvious contribution to the mechanics of the act, and 
so is really no more ‘remote’ than that of the supporting muscles in 
the simpler perforinances. But we may still inquire what, if any- 
thing, happens in muscles whose action would seem to contribute 
nothing to the actual execution of an act. 

The occurrence of ‘remote’ muscular excitations during a maxi- 
mal hand grip was reported by Shaw (16), and indeed, is fairly easy 
to observe under conditions of strenuous efforts. In two studies 
Daniel (2, 3) found substantial remote activities during the learning 
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of a motor response. For activities complex enough to be called 
‘mental work,’ many studies have reported the presence of muscular 
action in various ‘remote’ regions (Courts, 2) although it cannot be 
said we have a thorough investigation of possible patterns present in 
different situations. 

The familiar observation that strong muscular action in remote 
parts of the body will affect the size of a tendon reflex has led to the 
suggestion that ‘overflow’ of excitation produces a state of slight 
activity in the muscle executing the reflex, thus facilitating its re- 
sponse. Hoffman (g) rejected such a proposal on the ground that 
no muscular activity prior to the reflex could be detected under such 
circumstances. More recently Lowenbach and Schneider (13) re- 
ported the absence of any activity in the contralateral arm during 
voluntary contraction, after an examination of 21 responses in four 
subjects. These investigations, however, relied only on record in- 
spection without measurement, and it is doubtful if even the appa- 
ratus of Lowenbach and Schneider, though sensitive, was adequate 
to detect muscle electrograms as small as are now known to occur. 
(These investigators did find contralateral effects from forced move- 
ment when the arm was held stiff.) 

The existence of postural reflexes (¢.g., the ‘Stutz reflex’), neck 
reflex, labyrinthine reflex and certain flank reflexes, as described by 
Magnus (15) and by Bremer (1), suggests that there are interseg- 
mental reverberations in at least certain voluntary movements. A 
pattern of fore-limb flexion and rear-limb extension, for example, is 
said to ensue upon a forward inclination of the head. In certain 
instances, such muscular actions would contribute directly to a 
particular activity, but in other circumstances they obviously would 
not. Possibly reverberations of this character will result from any 
sort of voluntary movement. On the other hand, it may be that 
direct simultaneous excitation of remote muscles accompanies move- 
ment, as does the action of synergic and supporting muscles. 

In view of their possibilities the present study is concerned with 
the following questions: 


1. Are remote muscles activated at all during a very simple 
normal voluntary movement? 

2. If so, are there any discoverable rules about their operation? 

3. If there are remote excitations, are these a part of the original 
activation, or are they reflexly produced? 


APPARATUS AND PROCEDURE 


Recording was accomplished by means of two calibrated amplifiers, cathode ray oscilloscopes 
and a moving film camera. Connections to the subject consisted of a felt pad, constituting the 
‘neutral’ electrode, and 2-mm metal disks constituting the active electrodes. The recording 
systems were of single-sided design, and possessed, of course, a common ground (Davis, 6). With 
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the active electrodes on different parts of the body one system inevitably picked up the electro- 
cardiogram, except when both are on legs, which are isoelectric. By placing the neutral electrode 
where it would be isoelectric (with respect to the cardiogram) to the electrode picking up the 
smaller train of muscle waves, it was arranged that the cardiogram would always appear in the 
less critical record. The usual sensitivity for the recording system connected to the proximate 
part was 8 microvolts per 1/50 inch on the photographic record, for that connected to the remote 
part, .$4 microvolt per 1/50 inch. 

Two experimental groups were used. In the first, consisting of twenty cases, the problem 
was tocompare activity in extensor muscles in other limbs with the activity in the principal agonist 
when the subject made a voluntary extension movement of one hand or foot. Subjects lay face 
down with arms by the sides of the head and the feet just off the cot. The head was always 
turned away from the active member. Active electrodes were placed first on the belly of the calf 
and over the left extensor digitalis, and three records taken while the subject made, for each, a 
single movement of the foot similar to that of the Achilles tendon reflex. Three more records of 
the same movement were then taken with the second active electrode over the right extensor 
digitalis and three more with it on the right calf. The left hand then became the active member, 
making a single dorsal thrust for each record, and records were taken from the left arm paired 
with the right arm, then with the left leg. Similar procedure was followed with the right hand 
active and with the right foot active. Order of procedure was reversed in half the cases. 

The purpose in using the second experimental group consisting of twelve subjects was to 
investigate the effect of varying forces of contraction upon muscular activity in remote parts. 
The subject in the same prone position was instructed to lift a weight with his left hand at a given 
signal, using a wrist motion. The hand was held loosely on the weight prior to the signal. Three 
weights, 50, 100, and 500 grams, were lifted in rotation (half the time in reverse order) four times 
each while records were taken from the left forearm. Similar series of lifts were recorded with 
the right leg and with the left leg instead of the right forearm attached to a recording system. 

Time was indicated on all records by an argon bulb flashing in the sixtieths of a second, and 
the signal to the subject was indicated on the record by another argon bulb activated by d.c. 

Most of the data used was secured by measurements of record samples 1/6 second in duration 
by the technique described in a previous paper (5). An interval of 1/6 second was selected at 
random prior to the beginning of each response (but so as to avoid the cardiogram’s appearing 
in the one record line). Measurements from these segments served as indications of basic activity 
level. Then the point of maximum of each response of the active member was determined and an 
interval of 1/6 second was marked off on both record lines with its center at that maximum. 
Measurements of active member and remote responses during this period were made. Then 
allowance was made for the level of prior activity of the remote part by subtracting the figure 
for the basic level from the figure for the critical period (corresponding, as indicated, to the 
maximum response of the active member). Such an allowance for prior activity was not made 
for the active member since there was no real prior activity apparent because of the relatively low 
sensitivity. Averages were then taken for active and remote member readings in which the 
experimental situation was precisely the same, ¢.g., for the three readings in which the responses 
were measured in the left arm and left leg while the left arm moved. These averages constituted 
the basic data for further combinations and comparisons. 

It may be observed that such a sampling method does not insure the measurement of the 
maximum response in the remote part, for that might occur before or after the designated period. 
A remeasurement of the twenty records of the first experiment was therefore made with a selection 
of the maximum remote response rather than that corresponding in time to the active maximum. 
Similar treatment of these figures yielded values uniformly higher, but showing exactly the same 
relationships as figures obtained by the first method. Because of this and because statistical 
treatment of values so selected would be complicated, only auxiliary use was made of figures from 
the second method. 

For certain purposes more detailed measurements of some records were made. These will 
be described as the questions arise. : 


RESULTS 
1. The presence of remote excitation. 


In many records the existence of muscular action potentials was 
obvious. ‘There could be no doubt in Fig. 1a, for example, that there 
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is a considerable degree of muscular activity in the right leg during 
voluntary movement of the left foot. There are also, however, many 
records in which the presence of such activity is not apparent to 
simple inspection. In some records it is found upon measurement 
that the action potentials for the remote limb show a lower value for 
the response period than they do for the pre-response period. If the 
remote responses are very small one would expect them to be occa- 
sionally masked by the operation of other factors. If, for example, 
the pre-response period would actually include the response to an 
uncontrolled stimulus, its action potential value might well be higher 
than that found during the intended movement. Since there are 
these ‘chance’ fluctuations in the value for remote parts the question 
arises whether they might account for all the results. 

For testing this ‘null hypothesis’ data from the twenty subjects 
in the first group were averaged for each electrode location (remote 
member) for each kind of movement (twelve different experimental 
situations), and the t-values computed. ‘These figures are shown in 
Table 1. Because pre-response figures have been subtracted from 
response period figures, the null hypothesis would lead to the ex- 
pectation that all averages should be zero. For this experiment a 
t value of 2.86 indicates significance at the 1 percent level, 2.54 at 
the 2 percent level, 2.09 at the 5 percent level, and 1.73 at the 10 
percent. 

In a later section it will be shown that size of remote response is 
related to a size of response in the active member. A logical treat- 
ment, therefore, seemed to be the reduction of variability by the 
elimination of the factor of size of active response. ‘This was ac- 
complished by expressing the remote response as a fraction of the 
response of the active member. ‘These values were then averaged 
for the twenty cases in each of the twelve categories, and ¢ values 
computed. Ratios were multiplied by 10,000 for convenience. 
‘These figures are also shown in Table 1. 

Subsidiary evidence on the point derives from the second method 
of record measurement by which the maximum values in the remote 
parts were obtained for comparison with a pre-response period. 
When these values are averaged and the pre-response level sub- 
tracted from the response there are 240 figures, only one of which 
(0.3 percent) is negative. While the ‘null hypothesis’ would not 
lead to an expectation of an even division of positive and negative 
values with the method of measurement, the percentage of positive 
values is, nevertheless, clearly much too large to be explained on the 
basis of sampling errors. 

Taken altogether, the results of these several methods of calcula- 
tion lead to the rejection of the ‘null hypothesis.” What other can 
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be substituted? ‘The original supposition that there is always a 
tendency for these remote excitations to occur, though sometimes 
masked by other tendencies, would explain the results. Considering 
only the results presented up to the present point, the supposition 
that the excitation took place only sometimes, in certain individuals, 
for example, and in others was not present at all, would also explain 
the data. As it is frequently asserted that voluntary movement 
action potential is so variable as to be subject to no rules at all, the 
latter supposition demands serious consideration. Only analysis of 
individual cases, to be presented in a following section, will be de- 
cisive for this hypothesis. It can be concluded from the foregoing 
data, however, that the results from the population as a whole are 
necessarily indicative of at least a group tendency toward excitation 
of remote parts during simple voluntary movement. 

2. Variability and correlation of remote activities. 

Individual differences in the amount of activity in remote parts 
are extremely great. They are best studied in the ratio figures. 
These range from approximately o up to, in the case of a contralateral 
leg, 67 percent. Standard deviations for the various parts measured 
tend to be proportional to the averages, so that coefficients of vari- 
ability range from 129 to 208, centering around 170. In other words 
the standard deviation is in general about 1.7 times the average. 

Examination of the responses from remote parts suggested that 
there was a certain amount of consistency in the way individuals re- 
sponded, some being regularly high, some low. ‘To test this possi- 
bility a table was constructed showing the twelve averages of remote 
responses for each S in terms of ratio to the active member response. 
(The question of the relation of remote responses to those of the ac- 
tive member is to be considered in a later section.) The 66 inter- 
correlations were then computed by the rank difference method. All 
but four, which were but slightly below zero, had positive values. 
The mean of the coefficients was .23, with a standard error of .024 
(based on the distribution of 66 cases). It should be noted the two 
remote measures which enter into each correlation were never taken 
simultaneously, but derive from different elicitations or different re- 
sponses. ‘The significance of the mean correlation is, therefore, that 
individuals have a somewhat persistent tendency toward greater or 
lesser remote responses, no matter what parts are moved. 

3. Patterns of muscular activity. 

The existence of remote action is determined by a comparison of 
the obtained values with the resting condition, as discussed in Sec- 
tion 1. The existence of regular patterns of muscular activity de- 
pends upon a consideration of ‘second-order’ differences, 1.¢., dif- 
ferences between remote activities at different times and places. 
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The graphic representation in Fig. 2 of the averages from Table 1 
in terms of limb relationships indicates the nature of the patterns 
which may be shown toexist. Three systematic effects are suggested. 

a. The effect of locus of primary action. One of the clearest 
features of Fig. 2 is the very large difference between the amount of 
remote activity, which in the one case is 8.76 percent, in the other 
1.02 percent of the primary action, the difference being large enough 
to possess statistical significance. In this calculation, of course, the 
activity of the primary locus, whether arm or leg, is taken as the 
reference point of 100 percent. If absolute values are considered the 
difference is smaller, but still substantial, remote activity averaging 
4.35 microvolts with legs active, and 1.23 microvolts with arms ac- 
tive. In view of the difficulty of equating the magnitude of wrist 
and ankle movements the possibility must be considered that remote 
potentials were greater because the primary movement was more 
intense. Data in a subsequent section show there is such a relation- 
ship between remote and immediate activity. Using these same data 
(with extrapolation) it is discovered that the amount of remote ac- 
tivity found during free movement of the arms is about that which 
accompanies a quick lift of 1000 grams, and that the remote action 
found during ankle movement would be expected with a wrist move- 
ment lifting about 4 kilograms, which seems to be near the maximum 
lift for this sort of movement. We may conclude that the ankle 
movement evoked in this experiment corresponds in spread to some- 
thing like a maximal wrist motion. The ankle movement almost 
certainly did not involve maximal exertion. While it is possible that 
‘equal’ (in some sense of the word) movements of ankle and wrist 
would be accompanied by equal remote activities, it is probable that 
ankle movements on the whole, perhaps because they are stronger, 
perhaps because they are intrinsically less differentiated, involve a 
wider field of excitation than wrist movements. 

Inspection of the bar diagrams shows an apparent tendency for 
remote activities to be greater when the active member is on the left 
than when it is on the right. Statistical analysis, however, shows 
the difference might well be attributed to sampling error, and the 
fact that it is in the expected direction in five of six possible compari- 
sons is merely suggestive. (Subjects in the group were not selected 
for any sort of lateral dominance.) 

b. The effect of longitudinal distance. It is clear from Fig. 2 that 
in all four sorts of response the largest remote activity is found in the 
contralateral limb; 1.¢., the limb closest to the active member on the 
longitudinal axis of the body. A statistical test of this difference 
was obtained by combining (averaging together) distributions which 
show no material difference one from another. For the case of ankle 
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Fic. 2. Activities in near and remote parts with various parts active, as percents 
of action potential in active part. 
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movement, a distribution of values for the contralateral leg was com- 
pared with a distribution of values for both arms (all numbers being 
ratios to primary activity). Similarly, for wrist movement, the con- 
tralateral arm was compared with the two legs. For the first case, 
the average excess of contralateral leg over arms is 8.33 percent 
(t = 2.86); for the second the average excess of contralateral arm 
over legs is .77 percent (¢ = 1.84). If the second figure stood by 
itself there would be a 5-10 percent probability that a ‘null hypothe- 
sis’ could account for it. Under the circumstances, however, it 
seems safe to venture the generalization that muscular activity in a 
remote part is a function of its longitudinal distance from the locus 
of primary excitation. ‘There is no evidence that the activity of a 
part is conditioned by its absolute location or intrinsic excitability. 
A determining factor is, rather, its location in the pattern of 
excitation. 

c. The effect of lateral distance. Activity of the limb directly 
contralateral to the primary locus is always, of course, much less than 
found in the active limb. But of the two limbs which are longi- 
tudinally remote the contralateral shows a greater activity than the 
ipsilateral in all four cases. Differences of such size as these would be 
regularly expected in samples from a homogeneous distribution. 
Yet, the fact that all lie in the same direction makes it rather unlikely 
that ‘sampling error’ is the explanation, for such an occurrence has 
a probability of only 3 percent. It is reasonable to suppose, there- 
fore, that there is a remote laterality characteristic to the excitation 
pattern, with contralateral exceeding ipsilateral effects. 

These patterns of voluntary activity may be compared with the 
pattern for the Achilles tendon reflex, recorded under the same con- 
ditions and reported in an earlier paper (5). First, it may be noted 
that the records of voluntary movement contain no indication of the 
wave designated the ‘A-phenomenon,’ which, it was suggested, is 
associated with the impact of the reflex hammer upon the body tis- 
sues. ‘The most direct comparison may be made between the Achilles 
reflex (left foot) and voluntary movement of both ankles, and the 
comparison is best made in terms of percent of the average primary 
activity found in the various remote parts, since these values are 
available for the reflex. These figures for voluntary movement are 
obtained by expressing the absolute values for remote parts (Table 1) 
as percents of the amount of active leg activity. A comparison of 
the two sorts of activity is made in Fig. 3. It is clear that the pat- 
tern for voluntary movement expressed in relative terms is consider- 
ably more intense than that for the reflex, being, roughly, twice as 
great. (Such ratios as here used are difficult to evaluate statistically, 
but the difference is so great there is little question of its significance.) 
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Solid Bars- Voluntary Movement. 
Open Bars - Retlex Movement. 


Active. Contra. lateral Contralateral 
Lateral. ‘Remote. Remote. 


Comparison of patterns in reflex and voluntary activity of L. foot. 
Averages expressed as percents of average in active limb. 
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There is also a suggestion that the gradient away from the primary 
locus is steeper in the case of the reflex. 

A conspicuous difference appears in the remote ipsi- and contra- 
lateral relationship. The voluntary pattern shows an increase as we 
proceed from ipsilateral to contralateral arm; the reflex pattern shows, 
if anything, a decrease. The voluntary pattern is reminiscent of 
Sherrington’s well known drawing of the reflex figure in the spinal 
dog, with remote contralateral limbs acting in unison as in walking. 
Yet, Sherrington’s Principle I (proximity) might also be expected 
to apply. The difference between the reflex and voluntary action 
and its relation to the Sherrington principles is puzzling. It must 
be remembered that present data are concerned with the state of 
extensor muscle, while Sherrington was concerned with movement 
which might also involve flexor activity. Possibly both reflex and 
voluntary patterns follow Sherrington’s first rule (or an extension of 
it), but with voluntary activity, which is a stronger excitation in 
general, involving more flexor activity in the remote ipsilateral mem- 
ber, activity which would not show, of course, in the present data. 
It is clear, nevertheless, that the action potential data on the reflex 
pattern show no evidence of the flexion-extension pattern indicated in 
Sherrington’s figure and his Principle IV.. It may be that with the 
stronger voluntary pattern the predominance of flexor over extensor, 
or extensor over flexor, in certain limbs begins to appear. 

Although the absolute variability of the measures for voluntary 
action is greater than is the case for the reflex, the standard devia- 
tions bear approximately the same ratio to the means. ‘This fact is 
evidently in contradiction to the common view that voluntary action 
is necessarily more variable than reflex. 

A further comparison may be made with the results of Daniel’s 
(3, 4) investigations. In his first study the subjects, sitting erect, 
showed a rest pattern with leg activity. During work (maze trac- 
ing) there seems to be a combination of this pattern with a pattern 
of arm activity. Eliminating the effect of sitting pattern by ex- 
pressing results in terms of initial ‘rest’ yields a pattern quite similar 
to that of the present study, agreeing even in that the contralateral 
distant action is greater than the ipsilateral distant. With his per- 
formance, however, the ratio of remote activity to immediate is 
enormously greater, being eight or ten times that for the simple 
movement. Daniel’s second study was concerned with the two arms 
only during a pursuit task. In his group A, the level of activity in 
the contralateral arm bears about the same ratio to that of the active 
as in his first study, with a tendency for the spread to be greater 
when the left arm is active than when the right is. 

4. The effect of size of response. 
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The second experimental group of twelve subjects who lifted re- 
peatedly three different weights furnishes data for studying changes 
in pattern with force of movement. ‘The averages (in microvolts of 
increase over a resting state) for the active arm (left) and for the 
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Fic. 4. Average action potential (12 cases) in active and remote parts 
during lift of various weights. 


combined remote parts. The representation of these in Fig. 4 shows 
a substantially linear function for the active part, in accordance with 
the results of Shaw (17) though with quite different constants. The 
line for the remote parts might also be straight, for though the actual 
data indicate a change of slope the error of measurement may account 
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forit. Certainly activity in the remote parts increases with intensity 
of primary activity. A tabulation of the responses of the first ex- 
perimental group according to the size of the primary activity con- 
firms this observation. (For this reason it seemed that the best 
way of expressing the activity of a remote part was in terms of its 
ratio to the main excitation.) Concluding from these data, it may 
be said that activity in remote parts varies quantitatively with the 
strength of the primary excitation, or, in other words, that the pat- 
tern of muscular action in voluntary action tends to increase or de- 
crease as a whole. 

5. Time relationships of primary and remote excitations. The 
intimacy of the connection between activities in several locations can 
likewise be explored by examining their course with respect to time. 
Records of five subjects were selected for detailed measurement, 
three being cases with the smallest activity in the remote parts, and 
two with largest. In these each response was marked off in units of 
1/6 second, beginning 1/6 second before the stimulus signal and run- 
ning until 8/6 second after. Measurements in these intervals were 
made according to the technique previously described, and the aver- 
ages for each tenth second in microvolts were computed for active 
and remote parts with an arm active, and then with a leg active. 
The results of these computations are shown in Fig. 5. ‘Trends in 
active and remote parts show a surprisingly close agreement. In 
the one case the decay of remote excitations is more rapid than that 
of the immediate, and in the other case slower, but probably little 
significance should be attached to this difference. 

It is not to be inferred from these results that there is a wave for 
wave correspondence between primary and remote excitations. Since 
itis known that the spikes in such a record are summative phenomena 
from various motor units and depend upon the location of the elec- 
trode with respect to the motor units, one would not expect any such 
correspondence. As can be seen from Fig. 1 the correspondence is 
rather between wave trains arising in the two locations. 

With time as a variable, as with intensity, the remote and primary 
excitations tend to run in parallel, as though they were two aspects of 
the same phenomenon. 

Special interest lies in the detailed measurements of the cases 
which showed very small excitations, in connection with the question 
of the universality of the remote phenomena. Each of the cases 
measured shows substantially the same temporal pattern of excita- 
tion, though it is sometimes of small size. Because of this systematic 
pattern we may conclude that even where the figures are very small, 
there is genuine remote response rather than ‘accidental’ variation. 
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Fic. 5. Course of development of action potentials in primary and remote locations 
during voluntary movement. Time unit = 1/6 second. (Av. 5 cases.) 
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It is conceivable that remote activities are produced as original 
parts of the excitation pattern, or as reverberations over reflex paths 
excited by the activity of the primary locus. A study of time rela- 
tions should throw light on this question. The graphs in Fig. 5 
however, do not yield a definite answer since within 1/6 second there 
might be time for the operation of such a reflex. For conclusive 
data on this point records of another group of five subjects were 
studied in fine detail during the rising period of the excitation. Each 
response was divided into intervals of 1/60 second, beginning 1/60 
second before the onset of the response in the active part, and con- 
tinuing for 6/60 thereafter. ‘This interval is too short to conceal the 
operation of a secondary reflex, for if the remote phenomena were so 
produced they would be expected to lag behind the primary excita- 
tion by at least 25 ms. One-sixtieth of a second is such a short in- 
terval that it sometimes includes less than one complete wave, and 
therefore sometimes tends to measure rate of change rather than 
amount of excitation. Whichever is the case, however, the purpose 
of the present study will be served. 

Fig. 6, 4 and B, shows the results treated in the same way as 
those in Fig. 5. Clearly there is no lag evident in the remote ex- 
citations. In one case, in fact, they appear to be in the lead, though 
it is doubtful if this effect is more than accidental. The evidence is 
good that the remote parts of the excitation develop simultaneously 
with the focal part, and as a result of the same neural process. 


DIscuSsSsION 


The results of this series of investigations imply a conception of 
muscular activity rather different from the common one. Even ina 
very simple sort of response there is a widespread ‘structural’ pattern 
of action. ‘The true unit of activity must be, not the flexing or ex- 
tending of a particular muscle or limb, but an adjustmental design 
in which many regions of the organism participate. The region or 
regions of focus do not adequately define a response, since more than 
one response pattern may focus in the same place (cf. reflex and vol- 
untary response patterns). The physiological process could be de- 
scribed as the advancing of a wave front simultaneously in a number 
of directions, a wave front by no means equal in strength at all points, 
but characterized by a definite spatial pattern of excitation values. 
Since muscles are dependent upon nerves for their excitation such a 
wave front must exist in the nervous system as well as in the muscular. 

A particular wave front pattern would be defined in terms of its 
possible dimensions of variation: primary focus of excitation, inten- 
sity of that excitation, gradient of excitation away from the focus, 
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Fic. 6. Course of development of action potentials: primary and remote locations 
during voluntary movement. Time unit = 1/60 second. (Av. 5 cases.) 


and location and size of secondary foci, if any. Results of the present 
investigation show that excitation patterns do vary in each of the 
possible dimensions indicated. An important task of an investiga- 
tion of responses then becomes the discovering of the principles 
governing the formation of patterns of various kinds. Some prin- 
ciples of this sort have come to light in the present investigation, 
e.g., the influence of intensity of excitation, the influence of the dis- 
tance from focal point in determining the structure of the pattern, 
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and influence of individual differences. Obviously these are but 
partial answers to a few of the problems which arise concerning the 
patterns of response and their psychological significance. With this 
conception a great interest attaches to the question of how far known 
qualitative differences in psychological processes may be explained 
in terms of actually observed characteristics of neuromuscular ex- 
citation patterns. In this relatively untried approach there seems 
to be promise for a physiological psychology which relies primarily 
upon data of its own. 


SUMMARY 


The study of muscle action potentials in all four limbs during the 
voluntary movement of the extremity of each leads to the following 
conclusions: 

1. Voluntary movement of one extremity is accompanied by 
muscular activity in all four limbs. 

2. Individuals tend to be somewhat consistent in the amount of 
remote muscular activity they display during various movements. 

3. Ankle movement is usually accompanied by a greater amount 
of remote muscular activity than wrist movement. 

4. Longitudinally more remote regions show less muscular ac- 
tivity than nearer ones. 

5. During voluntary extension there is greater extensor activity 
in the diagonally opposite member than in the ipsilateral but distant 
member. 

6. The remote excitations in the case of simple voluntary move- 
ment are proportionately greater than in a case of a corresponding 
reflex, and show a different distribution. 

7. Remote excitations, over the range explored, vary directly 
with the intensity of the primary excitation. 

8. Simple voluntary movement shows the same pattern of ac- 
tivity as found in maze tracing, but in far smaller magnitude. 

9. The development and decay of remote excitations shows a 
close parallel in time to the development and decay of the primary 
excitation, with no time lag. 

10. The data point to the existence of widespread excitation pat- 
terns describable in terms of location of focus or foci. 


(Manuscript received May 7, 1942) 


BIBLIOGRAPHY 


1. Bremer, F. Le tonus musculaire. Ergebn. Phystol., 1932, 34, 678-740. 

2. Courts, F. A. Relations between muscular tension and performance. Psychol. Bull., 1942, 
39, 347-367. 

3. Daniet, R. S. The distribution of muscular action potentials during maze learning. J. 
exp. Psychol., 1939, 24, 621-629. 


~ 

ssa. 
: 

AN 

bes 

> 


366 R. C. DAVIS 

4. Daniet, R.S. The relation of muscular tension to bilateral transfer. Dissertation, Indiana 
University, 1941. 

5. Davis, R.C. The pattern of response in a tendon reflex. J. exp. Psychol., 1942, 30, 452- 
463. 

6. Davis, R.C. Methods of measuring muscular tension. Psychol. Bull., 1942, 39, 329-345. 

7. Dovce, R., & Bott, E. T. Antagonistic muscle action in voluntary flexion and extension, 
Psychol. Rev., 1927, 34, 241-272. 

8. Hartson, L. D. Contrasting approaches to the analysis of skilled movements. /. gen. 
Psychol., 1939, 20, 263-293. 

9. Horrman, P. Ueber die Beziehungen der Sehnenreflexe zur willkiirlichen Bewegung und 
zur Tonus. Z. Bitol., 1918, 68, 35-70. 

10. Huspsarp, A. W., & Stetson, R.H. An experimental analysis of human locomotion. Amer. 
J. Physiol., 1938, 124, 300-313. 

11. Hupparp, A. W. Muscular force in reciprocal movements. J. gen. Psychol., 1939, 20, 


17. 


18. 


19. 


20. 


315-325 


. Hupeins, C. V. The incidence of muscular contraction in reciprocal movements under 


conditions of changing loads. J. gen. Psychol., 1939, 20, 327-337. 


. Lowensacu, H., & Scunerper, M. Ueber die Isolation nervése Erregungen in Zentralnerven- 


system bei Menschen mit normaler und gestorter Motorik. Dtsch. Z. Nervenheilk., 1932, 
126, 204-214. 


. McKintey, J. C., & Berxwitz, N. J. Electric action potentials in muscles during recording 


of mechanical tone tracings. Arch. Neurol. Psychiat., (Chicago) 1933, 29, 272-286. 


. Macnus, R. Physiology of posture. Lancet, 1926, 2, 531-536 and 585-588. 
. SHaw, W.A. The distribution of muscular action potentials during imaging. Psychol. Reo., 


1938, 2, 195-216. 

Suaw, W. A. The relation of muscular action potentials to imaginal weight lifting. Arch. 
Psychol., 1940, No. 247, pp. 50. 

Sperry, R. W. Action current study in movement coordination. J. gen. Psychol., 1939, 
20, 295-313. 

Stetson, R. H., & Bouman, H. D. The coordination of simple skilled movements. Arch. 
néerl. Physiol., 1935, 20, 179-254. 

Tiuey, F., & Pike, F. H. Muscular coordination experimentally studied in its relation to 
the cerebrum. Arch. of Neurol. Psychtat., 1935, 13, 289-334. 


21. WacnHotper,K. Willkirliche Haltungund Bewegung. Ergebn. Physiol., 1928, 26, 568-775. 


23. 


2. WACHHOLDER, K. Neue Untersuchungen und Anschauungen uber die Funktion und Erregung 
unser Muskeln. Fortschr. Neurol. Psychiat., 1936, 8, 349-354, 355-380. 

Witson, D. J. Antagonistic muscle action during the initiatory stages of voluntary effort. 
Arch. Psychol., 1933, No. 160, pp. 48. 


Vy 
yp? : 
> 
1 2 
1 3 
APS 
15 
16 
= 
Pu 
Ms bin 
y 
Ste 
¢ 
ests < 
| 
fr 


CONDITIONING THE HUMAN OCCIPITAL ALPHA 
RHYTHM TO A VOLUNTARY STIMULUS. 
A QUANTITATIVE STUDY * 


BY CHARLES SHAGASS! 
McGill University 


INTRODUCTION 


The application of conditioning methods to the study of the hu- 
man electroencephalogram (E.E.G.) makes possible a new approach 
to the investigation of conditioning. It also affords data which are 
suggestive in explaining at least part of the individual variability 
of the E.E.G.? 

The most recent studies of human electroencephalographic con- 
ditioning are those of Travis and Egan (9), Knott and Henry (8), 
and Jasper and Shagass (5, 6). The occipital alpha rhythm has 
always been employed as the electrical activity to be conditioned, 
since in nearly all individuals light depresses or blocks this rhythm, 
and it may thus be used as a readily available unconditioned stim- 
ulus. ‘The blocking of the alpha rhythm represents a change in the 
organization of the electrical activity of the cortical cells themselves 
and does not necessarily imply a diminution in their activity (Bartley, 
1). Since a response of the cortex is recorded, the conditioned alpha 
block is placed by itself into a separate conditioned response category. 

A neurophysiological parallel of overt behavioral events can be 
drawn, if it can be demonstrated that an electrical response of the 
cortex can be made to follow the quantitative laws of conditioning. 
These laws have been derived chiefly from observation at a peripheral 
or behavioral level. Such a demonstration would show them to hold 
at a central neurophysiological level. 

Travis and Egan found that the alpha block can be converted 
into an unstable conditioned response (CR) to a lowtone. However, 
Knott and Henry (8) point out that this CR may have been due 
largely to a ‘sensitization’ effect. Knott and Henry attempted to 
discriminate between the effects of ‘sensitization’ and conditioning 
by separating the conditioned and unconditioned stimuli in time. 
A 5-second tone preceded by 4 seconds a I-second light and over- 

* From the Department of Neurology and Neurosurgery, McGill University, and the Mont- 
real Neurological Institute. 

1 The writer wishes to acknowledge with gratitude the helpful advice and criticism of Dr. H. 
H. Jasper of the Montreal Neurological Institute and of Mr. E. P. Johnson. Mr. Johnson 


designed the cumulator which is described below. 
* For fuller discussion of this point see Knott (7). 
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lapped it. In analysis of the data, blocking was rated on an all-or- 
nothing basis. A 50 percent reduction in alpha amplitude in 3 or 
more alpha waves was considered a block. The 5-second tone in- 
terval was divided into 4 parts, and the relative effectiveness of the 
tone in each of these periods was measured before, during and after 
pairing with light. The authors conclude tentatively that a condi- 
tioned anticipatory response was established. This response was 
unstable and subject to inhibition of reinforcement. Also sensitiza- 
tion appeared to have occurred. 

Jasper and Shagass (5) tested a variety of conditioned response 
types. They found that alpha depression could be conditioned to 
sound in the classical Pavlovian manner. Simple, cyclic, delayed, 
trace, differential, differential delayed and “‘backward”’ CR’s were 
demonstrated. ‘The conditioning technique which they employed 
differed from previous ones in that the subject was required to give 
a manual response (pressing a button) upon presentation of the light. 
Also the light was of relatively long duration (5 seconds). In a fur- 
ther study (6), the authors showed that the alpha block could be 
conditioned to a voluntary stimulus pattern, consisting of: subvocal 
repetition of the word ‘block’ while pressing a button; subvocal repeti- 
tion of the word ‘stop’ while releasing the button. In both of these 
studies the results were mainly qualitative. Emphasis was laid upon 
the need of using subjects with a high percentage of occipital alpha 
rhythm, if clear results are to be obtained. It should also be pointed 
out that the duration of the CR appears to be proportional to the 
duration of light. By using a light of long duration it is easier to 
distinguish between responses to presented stimuli and spontaneous 
variations of alpha amplitude, since these latter are usually of very 
brief duration in subjects with relatively continuous alpha rhythm. 

The present study is an extension of the investigation of ‘vol- 
untary’ conditioning in which only two cases were presented. How- 
ever, since clenching of the fist provided the voluntary conditioned 
stimulus, only a part of the previous voluntary stimulus pattern was 
employed. The muscle potentials resulting from the fist-clenching 
were recorded to serve as a stimulus-indicator. 

An attempt has also been made to determine the most suitable 
quantitative measure of alpha block, and to use this measure in 
describing the course of extinction. ‘Two factors are involved in the 
response of the alpha rhythm to light: (1) complete obliteration of 
alpha waves, 1.¢., reduction of alpha index following the stimulus; 
(2) decrease in alpha amplitude. These two factors have been meas- 
ured and each has been expressed in the form of an index. These 
amplitude and percent alpha indices have been combined into a third 
measure, which has been called the activity level (or 4Z) index. 
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TECHNIQUE 


A pparatus.—A standard amplifier and ink-writing oscillograph were used for the recording 
of brain and muscle potentials. Paper speed was 1.5cm. per second. The light stimulus was 
supplied by a 3 volt flashlight bulb, placed 24 inches in front of the subject’s eyes. The subject 
was in a dark, electrically-shielded room, and the light stimulus was controlled from outside. 

Subjects.—There were 10 subjects, 2 of whom were used only for control experiments. These 
were males between the ages of 18 and 32, who had been selected for the quality of their occipital 
alpha rhythm, t.¢., regular high amplitude with a high alpha index. 

Experimental Procedure.—Solder electrodes were applied with collodion, one to the right 
occipital area, one to the right ear, and two over the flexor digitorum sublimus muscle on the 
inner part of the left forearm. The subject lay on a bed in the dark room, both hands open at 
his sides. The desired clenching of the fist was demonstrated as a rapid clenching and unclench- 
ing. Then § to 10 trials were made in each of which the subject was told when to clench his fist. 
Following these preliminary trials, the subject was addressed in the following manner: 


“From now on, you won’t be told when to clench your fist. You do it by yourself. 
Try to do it about 2 or 3 times a minute, with different intervals between each time you do it. 
Don’t count, and, above all, don’t worry about it. I shall let you know if you are going too 
fast or too slow.” 


The first 10 bursts of muscle potentials were not reinforced by light. These served as control 
trials. Also, if necessary, the pace of the muscle bursts was corrected after the first 2 or 3 trials. 
(Correction of pace was necessary in 4 subjects. Repetition at equal intervals was observed and 
corrected in 1 subject.) Then from 7 to 10 consecutive reinforced trials were given at first. In 
each of these the beginning of every burst of muscle potentials was immediately followed by a 
light of 4 to § seconds duration. If later reinforcement was necessary, the paired trials were not 
given in any definite series order. The largest number of successive paired trials was 10. Rein- 
forcement was continued intermittently until conditioning was considered established. When 
the criterion for conditioning had been reached, no further paired trials were given, and the subject 
was allowed to clench his fist until the CR was considered extinguished. 

For the purpose of taking records, conditioning was considered established when 5 consecutive 
responses to the voluntary stimulus, M, appeared upon inspection to be at least 50 percent below 
ordinary alpha amplitude, and lasted for at least 1 second. This response had to occur within 
the 2-second interval starting 0.67 seconds after the beginning of stimulus M. Extinction was 
considered to have taken place when § consecutive M’s had little or no effect upon the alpha 
rhythm. 

Treatment of Data.—The alpha index, the amplitude index and the activity level (or 4L) index 
were determined in order to measure the response of the alpha rhythm. These were taken from 
a specific part of the record, namely the 2-second segment starting 0.67 second after the beginning 
of each M3 

The alpha index is defined as the percentage of the given length of record which is occupied 
by alpha waves. In order to be counted as alpha, it was required that at least 3 consecutive 
waves be present. These had to be of alpha frequency (8 to 13 per second), and above 15 micro- 
volts in amplitude. 

The amplitude index was determined in the following fashion. The average alpha amplitude 
of 10 strips of record, containing high amplitude alpha, was measured. The mean of these 
measurements was taken as 100 percent for that particular record. All other amplitude measure- 
ments were expressed as percentages of this standard. The amplitude of only those waves which 
were regarded as alpha was measured in determining the alpha index. 

The AL index is the product of the alpha index and the amplitude index, divided by 100. 
Thus: 
alpha index X amplitude index 


100 


AL index = 


3 The selection of this segment of record for measurement is arbitrary. It was chosen to 
begin after the muscle activity in order to avoid possible artifacts or immediate responses due 
to fist-clenching. ‘Two seconds of activity are measured in order to allow for a fairly wide range 
of response. This is based upon the assumption that if the degree of conditioning is greater the 
response will last longer. It is quite possible that measurement of a longer or shorter segment jn 
a different place would give a better picture of the phenomenon. 
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All measurements were made with a device which may be described as a cumulator. This 
consists of a rectangular frame, with a centimeter scale on one side of it, and a baseboard through 
which the record may be passed. The horizontal position of the frame is fixed, but it may be 
moved in a direction vertical tothe record. The distance between the vertical pieces allows for an 
exposure of exactly 2 seconds of record. A piece of glass, with 2 hair-lines engraved upon it, 
rides on the frame. ‘The lines are separated by exactly the width of a 15 microvolt signal. By 
moving the glass from trough to peak of each wave, and then moving the frame down so that the 
hair-line is over the next trough, the sum of the wave-amplitudes for the 2-second interval can 
be read off the scale. ‘Mhe hair-lines ensure accurate adherence to the alpha criterion. If the 
number of waves is counted, it is then possible to determine the alpha index and the average 
amplitude of the waves. 


RESULTS 
Effect of Voluntary Stimulus Alone upon the Alpha Rhythm 


The alpha and amplitude indices immediately after fist-clenching 
were compared with the indices taken from parts of the record free 
from the effect of fist-clenching. In order to obtain the indices for 
‘spontaneous’ activity, 3 strips of 10 seconds duration were measured 
in each record. ‘These were taken at least 10 seconds after any 
occurrence of the voluntary stimulus (M). In Table I the ‘spon- 
taneous’ indices are compared with those obtained from the control 
trials. 


TABLE I 
EFFECT OF THE VOLUNTARY STIMULUS UPON THE ALPHA RHYTHM 
Index Amplitude Alpha AL 
“Spontaneous” index.......... 83 88 74 
78 87 68 
1.7 0.2 1.4 


It is seen that clenching of the fist fails to cause any significant 
drop in either alpha, amplitude, or AL index. It has its greatest 
effect upon the amplitude and the AL indices, causing a mean drop in 
these from 83 to 78 and from 74 to 68 respectively. The critical 
ratios of these differences are only 1.7 and 1.4.4 


Number of Trials Required to Achieve Criteria 
of Conditioning and Extinction 


According to the subjective criteria used while recording, condi- 
tioning was established in 7 out of the 8 subjects. Subject 6, who 
was not conditioned, failed to give § consecutive CR’s after 155 
paired trials. ‘The number of paired trials necessary to attain the 
criterion of acquisition, together with the number of unreinforced 
trials required for extinction, is given in Table II. 


4 A critical ratio was considered significant if it exceeded 3.0. 
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TABLE II 
NuMBER OF TRIALS FOR ACQUISITION AND EXTINCTION 
8 23 138 25 20 19 25 
ON er 14 21 17 19 58 62 


It was necessary to present from 8 to 138 reinforced trials in order 
to achieve 5 consecutive depressions of the alpha rhythm when the 
fist was clenched. The nature of the CR is illustrated in Fig. 1. 
At first the alpha waves drop out almost as completely in the CR 
as they do in the unconditioned response (UCR) to light. The CR 
is usually of shorter duration than the UCR. With the progress of 
extinction, the alpha block becomes shorter and the alpha waves 
present are of higher amplitude. This is shown quantitatively in a 
following section. From 14 to 62 trials were required in order to 
extinguish the CR to the point where § consecutive voluntary stimuli 
produced little or no effect upon the alpha rhythm. 

One striking characteristic of the CR was the occasional negative 
latency which it exhibited. This occurrence of the response just 
prior to M is demonstrated in trials 38 and 46 of Fig. 1. In the pre- 
vious study of voluntary conditioning (6), a similar phenomenon was 
also observed and commented upon. Some anticipatory process 
must here be effective in producing the CR. 


Effect of the Conditioning Procedure 


For the purpose of examining the effect of the conditioning pro- 
cedure upon the response of the alpha to M, the control series is 
compared with the first 5 trials of the extinction series (see Table III). 

The mean alpha index of the controls (87) is much greater than 
the mean alpha index of the CR’s (46). This difference is highly 
significant (critical ratio = 7.2). However, for subjects 1, 2 and 3, 
conditioning failed to produce a significant change in the alpha index 
following M (critical ratios of 2.9, 2.4 and 1.3 respectively). These 
low critical ratios are due to the high standard deviation of the con- 
_ditioned responses. It is possible that this variability is caused by 
a more rapid extinction of the CR in these 3 experiments than in the 
following ones. 

The difference between the mean values of amplitude index for 
the control and CR series is 26 (78 for the controls and 52 for the CR). 
It is also highly significant (critical ratio = 6.7). However, when the 
critical ratio for each subject is examined, it is found that the change 
in amplitude for 3 subjects (3, 4 and 7) does not attain significance 
(critical ratios = 1.8, 2.6 and 2.8 respectively). In the case of sub- 
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TABLE III 
Errect oF InpIcES AND INDICES FOR THE IST 5 CR’s 
660 I 2 3 4 5 7 & Mean 
gl 69 88 87 99 87 
Alph ee 3.5 5.9 3.2 3.9 2.9 1.0 3.1 
F 51 34 31 47 41 46 
7.2 | 12.0 7.8 7.0 7.3 6.4 4.8 
Critical Ratio.......} 2.9 2.4 1.3 6.0 | 7.0 5.6 | 9.9 73 
ae 75 75 76 85 79 82 78 
4.2 2.2 2.6 4.2 4-4 2.3 1.4 
50 52. | 60 | 65 58 44 52 
ree 4.8 | 12.5 4.8 5.0 6.8 1.4 3.7 
Critical Ratio.......| 4.1 3.9 1.8 2.6 3.1 2.8 | 11.9 | 6.7 
se 67 52 67 75 72 81 68 
6.5 5.0 2.6 5.3 5.3 3.3 3.1 
38 32 21 22 30 19 26 
re a 5.8 7.4 4.8 5.6 6.8 3-4 2.6 
Critical Ratio.......} 4.4 3.3 2.2 8.5 7.0 | 49] 12.9 | 10.5 


ject 3, the lack of significance is caused by the high variability of the 
CR. Subjects 4 and 7 appear to respond to the conditioned stimulus 
by a reduction of alpha amplitude below the 15 microvolt criterion, 
as evidenced by the highly significant critical ratios for a change in 
the alpha index (6.0 and 5.6 respectively). 

When both alpha and amplitude indices are combined in the AL 
index, conditioning is found to produce a highly significant change in 
the alpha activity following M of all but one subject (subject 3). 
The mean AL index after conditioning is 26 as compared to the con- 
trol AL index of 68. The critical ratio of this difference is 10.5. 
Individual critical ratios range from 2.2 to 12.9. 

Quantitative treatment of the data appears to bear out the sub- 
jective observations made during the taking of the conditioning rec- 
ords. In some subjects the alpha index is the one chiefly affected 
by conditioning; in others the amplitude index shows the greatest 
drop. Providing the variability of the response is not too great, as 
in the case of Subject 3, the AL index will serve as an adequate 
quantitative measure of the change which conditioning produces in 
the alpha response to voluntary clenching of the fist. 


Control 


The phenomenon of conditioning which has been described ap- 
pears to be due to the pairing of the voluntary fist-clench with light. 
To determine whether the significant change in 4Z index was brought 
about by a ‘sensitization’ effect due to the presentation of several 
light stimuli, an experiment was performed in which 31 light stimuli 
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were given alone. ‘The subject was told to stop clenching his fist dur- 
ing this series. ‘The light series was preceded by 10 M’s alone, and 
followed by 5 M’s alone. The mean AL index before the presenta- 
tion of the lights was 65 (S. D. = 3.3) and the AL index after the 
lights was also 65 (S. D. = 4.8). Then 5 paired trials were pre- 
sented. After these 5 reinforcements, 5 unreinforced trials showed 
a mean AL index of 21 (S. D. = 3.4). The critical ratio of the dif- 
ference between this index and the AL index of the 5 controls pre- 
ceding it was 7.5. It thus appears that light alone has no measurable 
effect upon the response to M. However, conditioning was achieved 
in relatively few paired trials after the light series. This may indi- 
cate a facilitation of the acquisition process by light. 


Extinction 


The course of extinction has been described by combining re- 
spective sixths of the several extinction series. Extinction curves 
based upon each of the 3 indices, together with the standard devia- 
tions of the points, are shown in Fig. 2. The control indices and 
their standard deviations are also shown. ‘The data from which the 
curves are drawn are presented in Tables III and IV. 


TABLE IV 
SuccEssIvVE S1xTHs OF ExtincTIon (AVERAGE OF 7 SuBJECTS) 

I 2 3 4 5 6 

Ee 47 61 76 78 82 89 

Amplitude Index............ 52 60 67 70 70 73 
4.3 2.7 5.1 3.4 3.4 2.6 

38 52 56 58 66 
2.0 3.0 4.0 3.3 3.6 1.9 


The rapid initial descent of the 3 curves is followed by a slow 
descent to the pre-conditioning level. The decelerated curves of 
extinction resemble the curves usually obtained for extinction of other 
types of CR (Hilgard and Marquis, 4, p. 147). The applicability of 
the Vincent method to series which differ in length by as many as 
48 trials is demonstrated by the relatively low standard deviations 
of the points along the extinction curve. It appears that any one 
of the 3 indices will give an adequate picture of the extinction process. 
However, the AL index is the only one which will be significantly 
changed by conditioning in nearly all cases. 

Controls: Control experiments were carried out to determine 
whether the phenomenon of extinction here demonstrated was an 
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AL INDEX 


2 3 4 5 6 
SUCCESSIVE SIXTHS OF EXTINCTION 


Fic. 2. Extinction curves: successive sixths for the 3 indices. Horizontal lines represent 
control indices. Vertical lines on the curves signify 1 standard deviation. The standard devia- 


tion lines for the amplitude index curve have been moved to the right. Curves are plotted from 
data in Table III and IV. 


active process, dependent upon lack of reinforcement or merely the 
falling off of a response with the passage of time. 

In the first experiment spontaneous recovery was demonstrated. 
The mean AL index of the last 5 trials in the extinction series was 69 
(S. D. = 3.6). The subject was then given a 20 minute rest. Fol- 
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lowing this interval, the mean AL index of the first 5 trials was 31 
(S. D. = 7.5). This difference was significant (critical ratio = 4.6), 

In a second experiment 36 paired trials were presented. The 
subject was then given a I§ minute rest, after which an extinction 
series was begun. The mean AL index of the first 5 trials of this 
series was 43 (S. D. = 4.6). The pre-conditioning control index was 
68 (S. D. = 3.7). The critical ratio of this difference was 4.3. 

In the third experiment the subject was given a 20 minute rest 
after the first 3 trials of an extinction series. The control AL index 
of this experiment was 64. The mean AL index of the 3 extinction 
trials before the rest period was 20. The mean AL index of the 3 
trials after the rest was 23. 

The results of these experiments indicate that the extinction of 
the conditioned alpha block is caused by the lack of reinforcement and 
not by the passage of time alone. After a 15 or 20 minute break in 
an extinction series, the extinction process will be at the initial level. 
After a 20 minute rest, spontaneous recovery can be demonstrated. 


DiIscussION 


It has been shown that, if voluntary clenching of the fist is paired 
with light, the occipital alpha rhythm can be conditioned so that the 
fist-clench will depress it. The voluntary stimulus alone has no sig- 
nificant effect upon the alpha rhythm prior to reinforcement by light. 
Also, from one control experiment, it appears that light alone will 
not enable subsequent M’s to produce the CR by ‘sensitizing’ the 
response. The CR is extinguished after several unreinforced trials, 
and control experiments indicate that the extinction is due to the 
lack of reinforcement and not to the mere passage of time. The 
curve of extinction shows the deceleration which is characteristic of 
such curves. It thus appears possible to modify the response of the 
occipital E.E.G. by a conditioning procedure, and to obtain therefrom 
quantitative relationships which are similar to those obtained from 
the study of more overt CR’s. 

The statement that the depression of the alpha rhythm has been 
conditioned does not necessarily imply a depression of alpha activity 
in response to the conditioned stimulus. Alpha activity continues, 
although the alpha rhythm may disappear due to desynchronization 
by an effective stimulus (Bartley, 1). The conditioned stimulus 
causes a dispersal in time of the activity which produces the alpha 
waves. Under ‘basal’ conditions of recording a particular E.E.G. 
will show characteristic fluctuations in the dispersal of this activity. 
These changes in alpha amplitude and index are fairly constant for 
each individual and this fact has been utilized in classifying normal 
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E.E.G.’s (Davis, 3). The results of E.E.G. conditioning appear to 
validate the possibility that the individual E.E.G. pattern may be 
determined at least in part by environmental factors. 

The conditioned stimulus in the present study is a complex one, 
in that it is self-initiated. Nevertheless, the conditioning is still of 
the classical type, since the occurrence of the CR is not necessary 
in order to bring about reinforcement (Hilgard and Marquis, 4, p. 
51). The voluntary stimulus involves not only the clenching of the 
fist, but also the ‘mental state’ which is associated with the decision 
todo so. It is quite possible that the experimental procedure results 
in the building up of an ‘expectancy.’ This is suggested by the fre- 
quent occurrence of the response prior to the fist-clench. However, 
in studying the phenomenon it is not necessary to assume the opera- 
tion of any ‘expectancy’ factor, although the part which such a 
factor plays in the determination of the CR is an important problem 
for future investigation. Similarly, in those experiments where sound 
is the conditioned stimulus, proprioceptive factors may be associated 
with the sound which seems to elicit the CR; but it is sufficient to 
observe the changes in cortical activity which are produced by a 
conditioning procedure. Knott (7, p. 960), in criticizing the experi- 
ments of Jasper and Shagass, states: 


** Jasper and Shagass did not study the ‘electrical activity of 
the cortical centers’ themselves. . . .” 


Referring to the proprioceptive stimulation caused by preparation 
for the manual response in these experiments, he further states: 


“One may question whether or not Jasper and Shagass con- 
ditioned the cortical centers themselves”’ (p. 961). 


The E.E.G. 1s a record of the electrical activity of the cortical 
centers. Bremer (2), in the ‘encephale isole,’ has demonstrated that 
it is possible to record synchronized electrical activity from a cortex 
which is free from afferent stimulation, although this activity is 
greatly depressed. In conditioning experiments it is standard pro- 
cedure to select some item of behavior for study. Although Zener’s 
(10) results indicate that much more than salivation was conditioned 
in the experiments of Pavlov, there is little doubt that Pavlov condi- 
tioned the activity of the salivary glands themselves. In the present 
experiment, and in the preceding ones, the behavior selected for study 
is a specific part of the E.E.G. 

The relation of the conditioned electrical response of the cortex 
to the usual conditioned reflex arc is at present a matter of conjecture. 
It has been suggested (5, 8) that it may be indicative of a cortical 
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state resulting as a consequence of the conditioned stimulus, or of 
one preceding the unconditioned (peripheral) response. On the other 
hand, it may reflect a side phenomenon which plays no active part 
in the elicitation of the (peripheral) CR. The significant fact is that, 
in a conditioning situation, an electrical response of the cortex under- 
goes quantitatively measurable changes which closely resemble those 
observed in conditioning at a peripheral level. If neurophysiological 
terminology is adhered to, there is no necessity for a premature at- 
tempt to bridge the gap between the electrical activity measured and 
the mental or peripheral conditions with which it may presumably 
be associated. A step of this nature is necessarily attendant upon 
investigation of a wider range of the quantitative properties of the 
conditioned electrical response. Further study of these properties 
is at present under way. 


SUMMARY 


The conditioning of the response of the occipital alpha rhythm of 
the human E.E.G. to a voluntary stimulus (clenching of the fist) was 
quantitatively studied by determining the alpha, amplitude and ac- 
tivity level (4L) indices of a specific segment of record. This was 
the 2 seconds of activity starting 0.67 seconds after the beginning of 
the voluntary stimulus. Neither the conditioned stimulus alone nor 
the unconditioned stimulus (light) alone was effective in producing 
the response. However, pairing of these stimuli produced significant 
differences in the measured response to the fist-clench. The condi- 
tioned response so produced was extinguished by lack of reinforce- 
ment and the curve of extinction was a decelerated one. In the 
measurement of these events, the 4L index is found to be the most 
useful of the three measures employed. 

The results are discussed from the viewpoint that they represent 
a central neurophysiological parallel of events which have hitherto 
been studied at a more peripheral level. 


(Manuscript received May 22, 1942) 
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THE DISCRIMINATION OF TWO SIMULTANEOUSLY 
PRESENTED BRIGHTNESSES ? 


BY N. R. BARTLETT 


Brown University 


Recent researches have stressed the relations of various experi- 
mental factors to brightness discrimination. Several studies have 
emphasized the influence of surrounds (11), the time of exposure of 
test flashes (5, 8), and the degree of adaptation to the brightness 
prevailing over the test field (2, 3,11). An aspect which has received 
considerable attention concerns the question whether the A//J frac- 
tion remains constant or increases at high intensities. 

Steinhardt (11) reported a dependence of the relationship between 
Al/I and IT upon the area of the test field and upon the presence or 
absence of illuminated surround. His curves show no final upturn 
for AJ/J with high intensities, but he found that the data obtained 
without a surround tend to scatter widely in the upper range of 
intensities. ‘This scatter led to the suggestion that a final upturn in 
the curve might depend upon the illumination surrounding the field, 
and upon the adequacy of brightness adaptation at the time the 
discrimination was made. 

Graham and Kemp (5) analyzed the processes in the initial photo- 
chemical event which Hecht’s theory of brightness discrimination 
(6) had emphasized. ‘Their work shows that the initial event govern- 
ing the discrimination must be in the nature of a constant increment 
in concentration of photolytic products. Such a conclusion follows 
from their finding that AJ times ¢ is a constant for exposures of A/ 
shorter than a critical duration. The critical exposure time is de- 
pendent upon the prevailing brightness of the area over which the 
Al flash is added. Following this analysis, Keller (8) described an 
extension of their reasoning which predicts a final upturn in the Weber 
fraction for high intensities with long exposures of the incremental 
flash. 

Blanchard (2) adapted his observers to a brightness of 0.1 milli- 
lambert; then, after various time intervals following the removal of 


1 This article is based on a thesis presented to the faculty of the Graduate School of Brown 
University in partial fulfillment of the requirements for the degree of Doctor of Philosophy in 
Psychology, October, 1941. 

?The John and Mary R. Markle Foundation provided financial assistance for this study 
through a grant to Professor C. H. Graham. The author wishes to express appreciation for this 
assistance, and to thank Professor Graham for his guidance throughout the investigation. 
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this illumination, he found the minimum visible contrast for different 
levels of brightness of the brighter half of a test field. Examination 
of his data reveals that, with elapse of time after light-adaptation 
has ended, less and less light is required for the detection of any given 
contrast. Furthermore, by estimating from graphs the minimum 
contrast for any given brightness as a function of time, the contrast 
threshold is found to increase with dark adaptation. Finally, in- 
spection of the graphs shows that the higher the contrast, the more 
quickly a final level for the curve of brightness versus time is reached. 

In a recent investigation (3) Craik measured the minimum A/ 
which must be added to a prevailing intensity immediately after a 
subject has undergone a certain stage of adaptation to a different 
intensity. The apparatus was suitable for ‘adapt’ or ‘test’ bright- 
nesses up to 4280 millilamberts. After the ‘adapt’ intensity had 
been presented for from one to five minutes, it was removed, and 
immediately, within the next two seconds, the observer was required 
to report whether he saw flickering flashes on the new prevailing 
‘test’ brightness. ‘Two test fields, with diameters of 1.5 degrees and 


of 36 degrees, respectively, were used. It was found that light- 


adaptation was less critical to the AJ/J for the smaller field than for 
the larger. In general, AJ/J decreases to a constant level as the 
brightness of the test field increases and approaches the adapting 
brightness in magnitude. This is, of course, in confirmation of one 
hypothesis Steinhardt has suggested to account for the increase in 
AI/I with high intensities. If this explanation obtains, then one 
would also expect AJ/J to show a marked rise as the test brightness 
is increased to a value where it is much greater than the adaptation 
brightness. Such an increase does occur, but even with a dark- 
adapted eye the final upturn is not very marked. 

Experimental procedures in the above studies differed from one 
another, but in every case, some one of the following three methods 
was used: (1) An observer was exposed to a prevailing brightness for 
a period of time, and then instructed to report whether any light was 
added to any part of the exposed field. (2) An observer was presented 
with two simultaneous fields separated in space, but with adequate 
time for observation so that the fields could be explored with eye 
movements in the process of judging whether they were alike or 
different in brightness. (3) An observer was exposed to two simul- 
taneous, equally bright fields with instructions to report when any 
light was added to one of the fields. Indeed, some one of these con- 
ditions characterized every one of the studies pertaining to brightness 
discrimination which we have found, with one exception (9, 10). In 
that exception, the observer compared the apparent brightnesses of 
two visual events presented alternately over the same retinal area, 
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with nearly one second of darkness between presentations. Other- 
wise, in every one of the experimental conditions the discrimination 
involves the detection of a change of brightness with time. 

In procedure (1), when the added light covers the entire field, 
the discrimination is a simple one of a change of brightness with 
time. However, when the added light covers only a part of the 
field, the observer has upon presentation of the flash a second basis 
for determining whether there has been any change in brightness. 
Not only has the brightness of the test area changed, but it differs 
from the brightness prevailing over the rest of the field. The mech- 
anism for the comparison of the brightnesses of two areas is possibly 
quite unlike that for comparing the brightness of an area at one time 
with its brightness an instant later. In procedure (3) the same 
argument will hold. If there were no eye movements with procedure 
(2), then the observer could report brightness differences only on the 
basis of the second type of discrimination. However, if he should 
move his eyes so that the light on any retinal area comes first from 
one-half of the test field, and then from the other half, then the first 
type of discrimination will also come into play. 

In terms of the above analysis it may be stated that all of the 
research on brightness discrimination has involved two ideal types of 
discrimination. In the first, the observer has been exposed to a 
prevailing brightness J and the minimum brightness AJ which must 
be added to yield a report of brightness change is found. ‘The second 
ideal type is one wherein a discrimination is made between bright- 
nesses exposed simultaneously on different fields to an eye which has 
been given a certain constant state of adaptation. It would make 
for less confusion if the first type were considered to be a brightness 
threshold determination, inasmuch as the measurements are con- 
cerned with the minimum detectable amount of light which must 
be presented to the eye at various stages of light adaptation. In- 
deed, the determination of absolute visibility thresholds is clearly a 
special case of this first type, since such data are the minimum notice- 
able intensities for an eye exposed for some time to zero brightness. 

The first type of discrimination has been analyzed and described 
many times. The second has not been described. From an analysis 
somewhat like that proposed by Graham and Kemp (8) a few dif- 
ferences may be expected between the two. The reasoning is based 
on Hecht’s differential equation for the rate of increase in concentra- 
tion of photoproducts leading to the retinal response (7). This 
equation is 

dx 


(a — x)" — he x", (1) 
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where a is the initial concentration of the photosensitive substance, 
/ the intensity of light incident on that substance, x the concentration 
of the photoproducts, k; and ke velocity constants, and m and n con- 
stants denoting the order of the reactions. 

When m = n = 2, the exact solution for x is: 


a tanh [a Vki ko Tt] 
ki I 


Let it be assumed that, for a second type discrimination, a dif- 
ference is reported between the higher and lower brightnesses, /, 
and J;, when, for the corresponding x’s, x, — x, =b. That is, 
Xx, — x, = b for a just noticeable difference in brightness. Then, for 
a threshold difference discrimination between two brightnesses of 
equal areal extent presented to a dark-adapted eye, we may relate J, 
t, ki, Re, In, and J). The expression is clumsy and involved. How- 
ever, where light-adaptation to each of the two flashes is complete 
(1.e., for large t) the equation may be simplified. If it is further as- 
sumed, as an approximation involving only a small percent liable 


error, that VJ; = VJ, = VI, where I represents the mean of the 
two intensities, then 


AI 4b , 2b 
I a a ko ki 3 
This equation states that the function AJ/I decreases with increasing 
I and finally rises as I becomes large. The value of the constants 
must be known before the exact nature of the function can be stated. 
By a like analysis applied to the first type of discrimination, we 
arrive at the same expression derived by Graham and Kemp (5). 
This attack is somewhat more rigorous than earlier ones, since it 
deals with values for x rather than proceeding directly from the dif- 
ferential equation. Some probable error is still present in the ap- 
proximations. But most important, the equations lack ease and 
precision of application. ‘The equations are long and involved, and 
would require considerable computation. Constants must be arbi- 
trarily selected before the theoretical curves can be drawn. In an 
article published elsewhere (1) an exact method is used in the de- 
velopment of the theory for brightness discrimination of the first 
type. There are no approximations, and for testing the theory a 
method is developed which involves no arbitrary constants. 
We have not yet succeeded in extending the theory to discrimina- 


tion of the second type, but preliminary investigation of the equa- 
tions when the boundary conditions for a type II discrimination are 
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imposed indicates that, for two simultaneous flashes of brief duration 
presented to a dark-adapted eye, A//J will be independent of the 
time of exposure. We have assumed that a discrimination can be 
made when a certain constant difference exists between the concen- 
trations x over the two areas. This tentative prediction is the only 
one that we are yet in a position to make for a type II discrimination, 
other than the general nature of the AJ/J function for long flashes, 
as indicated above. 


APPARATUS AND PROCEDURE 


The apparatus was devised in order to present simultaneously to the observer two flashes of 
differing brightness for a given duration. ‘These flashes appeared as the two halves of a circle 
subtending one degree of visual angle; the circle was bisected by a black horizontal strip, 13 
minutes in width, which separated the two illuminated parts. Except for a dim annulus of light 
surrounding the test semicircles, there was no light in the subject’s cubicle during the time between 
flashes. The annulus afforded easy fixation on the place where the test patches appeared, and 
this, in conjunction with the use of a small fixed artificial pupil, constituted the control for the 
position of retinal stimulation. The outside diameter of the annulus subtended five degrees of 
visual angle, and the annulus itself was one degree in width. Exact specifications of the apparatus 
are given below. 

The subject was instructed to observe the center of the dark space inside the annulus and to 
report whether the two semicircles which would appear there were alike or different. No in- 
structions other than these were given, except in the case where flash durations of 4.5 seconds were 
employed. Here it was necessary to caution the observer to wait until the flashes were over 
before reporting. 

In any given experimental session the time of exposure of the test brightnesses was constant. 
A single session lasted from 40 to 70 minutes. During that time the subject was dark-adapted 
and the outside limits for the minimum brightness difference for various levels of brightness 
were determined. 

The exact method was as follows. The observer sat in the cubicle for ten minutes with no 
light exposure of any kind. The annulus was then illuminated, and the subject regarded through 
the 3-mm. artificial pupil the center of the dark area surrounded by the annulus. The experi- 
menter gave the signal ‘Ready,’ and if the subject indicated that he was prepared, the experi- 
menter presented a flash of light to the two semicircles, with a certain fixed brightness on the 
upper semicircle. The subject reported ‘Alike’ or ‘ Different.” One minute later the procedure 
was repeated. If the last report was ‘Alike’ the brightness on the lower semicircle was reduced 
by a small logarithmic decrement; if it was ‘ Different’ the brightness was increased to a level more 
nearly like that for the upper half of the field. These observations were repeated at 60-second 
intervals, each time with a small change in the indicated direction in the brightness of the bottom 
field until the reports changed from ‘Alike’ to ‘Different’ or from ‘Different’ to ‘Alike.’ A 
reading for the brightness difference for that change in the report was recorded, and then the 
whole procedure was repeated with the change in brightness on the bottom half in the opposite 
direction. After these two readings were taken, a different filter was interposed in the optical 
system in order to change the level of brightness. In this way the brightness range from a value 
somewhat above threshold to a brightness of more than 4000 millilamberts was explored for the 
minimum brightness difference function. Four such readings were taken for each duration 
investigated; of the four, two were found by starting with the highest level of brightness and 
proceeding to threshold; the other two involved starting with low brightness, successively higher 
ones following. 

In order to deliver flashes of known brightness and duration to the two test semicircles an 
optical system was set up which, briefly, consisted of a lamp, two lenses, an optical wedge and a 
shutter. To realize a wide range of durations, three different kinds of shutters were finally used. 

The lamp was a small 200-watt Mazda projection bulb. It was enclosed in a steel tube, 4 
inches in diameter and 12.5 inches high. This housing was open at top and bottom to furnish 
ventilation and to stabilize the temperature of the lamp. One hundred and twenty volts, d.c., 
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were maintained across the terminals of the filament and it was considered that after ten minutes 
operation a reasonably constant color temperature was reached. 

A circular aperture, one-half inch in diameter, was cut in the lamp housing, and from this 
aperture the light passed through a rectangular box to the test semicircles. Four inches from 
the filament, the light encountered a 20-diopter lens. The lens was of the standard uncut optical 
blank size, and it was held at its periphery in a brass holder. The holder extended to the sides 
of the box so that all light traveling beyond passed through the lens. The inside of the box was 
blackened and there was little possibility for reflection of light. The light converged to a small, 
well defined image beyond the lens. It was at this focus that the various shutters were placed. 

At 4} inches beyond the first lens the light encountered a second lens, of 18 diopters. Such 
an arrangement of lenses throws an even distribution of light on the test semicircles of ground 
glass lying 3 inches beyond along the optical path. 

The brightness on the test fields was controlled in the space between the second lens and the 
fields. Filter holders were fitted there to accommodate as many as three Wratten neutral-tint 
filters. The overall brightness was then fixed by placing the appropriate filter in one of the 
holders. Just beyond the holders, a horizontal septum extended through to the farther surface 
of two sheets of ground glass comprising the test fields. The septum divided the field. Just 
below the septum, and traveling snugly against it was an optical wedge. This was made of 
process film, and was fastened between two thin sheets of glass. A balancing wedge of the same 
film was fitted into the system permanently. 

The problem of making the two fields appear identical in color while one changed in bright- 
ness proved difficult. The author is indebted to Professor C. W. Miller of the Physics Depart- 
ment, Brown University, for his advice in surmounting the difficulty; the solution was to find a 
wedge such that the density of the material absorbing the light would not affect the spectrum 
transmitted. Eastman process film when developed with DK 50 solution meets this require- 
ment. Several contact prints on process film were made of an Eastman gelatin wedge, using 
various exposures and development times. From the lot one was selected which had the desired 
distribution of density. It was then fastened between sheets of glass, and set into place behind 
the bottom semicircle. The color of the upper semicircle was then matched to that of the lower 
by facing similar film of low density and two sheets of the same type of glass against the ground 
glass of the upper test field. 

For one setting of the wedge the brightnesses prevailing over the two test fields were equal. 
As the wedge was moved in one direction, the bottom field became darker. When it moved in 
the other, the bottom became brighter, but there was little latitude for making changes toward 
greater brightness. The transmission characteristic for the wedge varied logarithmically with 
the distance from the point for equality of brightness with the top field. Thus when the wedge 
was moved a constant distance between determinations in the experimental situation, the bright- 
ness of the lower field was reduced by a constant decrement of the logarithm of the fixed brightness 
of the upper field. 

Three different shutters were used. For durations up to 0.066 second, a large aluminum disc 
21 inches in diameter was rotated 140 times per minute by friction connection with a small 
synchronous motor. After two minutes’ rotation the wheel had acquired full speed, and had 
considerable momentum which kept the velocity constant. In the periphery of the wheel were 
cut several sectors of different lengths. All of them were covered except the particular sector 
chosen to yield the desired duration of flash. When the device was lowered into position so that 
the focus of light fell at the appropriate distance from the center of the wheel, flashes of light 
passed through at regular intervals of a fraction of a second. A manual shutter was therefore 
interpolated farther along in the optical path to restrict exposure to single flashes. With practice 
the experimenter was able to present accurately determined exposures by this method. The 
experimenter watched the wheel at the point where it intercepted the beam of light. With his 
hand on the shutter he regulated the movement of his left arm to the rhythm of the appearance 
of brief flashes as the open sector admitted the beam. The arm rhythm was at one-half the rate 
of the flashes; just after one flash, the arm moved up, and after the next the arm moved down. 
When the movement was well synchronized with the flashes, it was simply increased for one 
excursion of the arm, and the shutter was thereby opened to admit a single flash. The method, 
while not optimal, was probably satisfactory, as indicated by the consistency of data obtained 
on different days. 

The second exposure device consisted of a cardboard wheel, 11 inches in diameter, attached 
to a shaft which rotated once every second. A sector comprising one-fifth of the circumference 
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permitted flashes of one-fifth second to pass. Another such wheel with a sector of one-half its 
circumference was used for one-half second durations. The mechanism by which these wheels 
are rotated is described by Graham and Granit (4). Briefly, the shaft on which the sector whee! 
rotated was driven through reduction gears by a Telechron synchronous motor until a cam on the 
axle encountered a small pin. At this point another cam opened a mercury switch. A relay to 
release the small pin could be operated by closing a manual switch on the instrument panel, and 
the release of the pin closed another contact which shunted the mercury switch and started the 
motor. ‘The shaft then continued to turn until it had rotated through one complete revolution. 

Still another shutter * was employed for the 1.5 and 4.5 second durations. Exposure control 
was accomplished by movement of two screens, one out of the light path and the other into the 
path, by means of two cams attached to the shaft of a small synchronous motor. This shaft 
turned at a rate of two revolutions per minute. Both screens moved slowly to one side as the 
shaft turned, until a sharp break in the contour of one of the cams came into contact with the 
bearing surface of one of the screens. This left the spring attached to the screen free to snap that 
screen abruptly to one side to expose light to the two test fields. Depending on the setting of the 
second cam relative to the first, some fixed time elapsed before a similar break in the second cam 
permitted the other screen to move over to terminate the illumination on the test fields. 

Thus in each of the three devices the traveling edge of a plane crossing a beam of light con- 
trolled duration. Some finite time was of course taken for the brightness on the test surface to 
rise from zero to maximum, and again to sink to zero. The width of the beam at the focus was 
about one-eighth of an inch. Thus for the first device, since the effective radius of the wheel is 
10} inches and the rotation is at a rate of 140 cycles per minute, this time is only a fraction of a 
millisecond. For the second, it is approximately 4 milliseconds, and for the third, of the same 
order of magnitude. 

The fixation apparatus has already been described. The annulus was painted with zinc oxide. 
The annulus was concentric with a dead black expanse, 2.50 inches in diameter, in the center of 
which, in turn, the test patches appeared. The diameter of the test patch circle was 0.735 inches, 
and the opaque strip dividing that circle into the upper and lower parts was 0.062 inch wide. 
The annulus was illuminated with reflected light from two small 3.8 v. flashlight bulbs operated 
at 2.0 volts. These bulbs were fixed to the front wall of the observer’s cubicle, and their light 
was reflected to the annulus by a screening plane 2.78 inches from the wall. The screening plane 
bore a circular aperture 3.78 inches in diameter, and it was through this aperture that the observer 
viewed the stimuli. Thus from the position of the artificial pupil the subject saw a dimly lighted 
annulus whose outside circumference was outlined by the aperture in the plane which screened 
the flashlight bulbs from view. The brightness of the annulus surface was about 0.15 milli- 
lamberts when the fixation lamps were operated at 2.0 volts. 

In line with the optical path from the projection lamp through the lenses was at 3-mm. 
artificial pupil, fixed rigidly to the observer’s chair. The chair was securely anchored in the 
concrete floor. The distance from the pupil to the test field was 47.0 inches. 


Discussion OF RESULTS 


The results are presented in Table I. This table shows, in log- 
arithms, the mean value of J; which each of the two observers could 
barely discriminate from the brightness J, indicated at the left of 
the table. /, is the fixed brightness of the upper semicircle, and J; 
the dimmer brightness of the lower. In Table II the data are ex- 
pressed as the ratio of the brightness difference, AJ, to the mean 
brightness, J, of the two flashes. More explicitly, AJ/I is calculated 
for each of the observers. Then for each level of brightness the 
AI/I values for the two are averaged: For the sake of simplicity, 
this mean ratio is then assumed to be a close approximation for 
AI/I for the mean log I of the pair. A variance test shows there is 


3 Made by Dr. L. A. Riggs of Brown University. 
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ts TABLE I 
Mean OF 8 DETERMINATIONS OF Loc THE BriGHTNEss Wuich Was DiscrimMINATED 


FROM THE BRIGHTNESS INDICATED IN THE LEFT-HAND COLUMN, FOR 
DirFERENT Durations OF FLASH Exposure 
" Data for ACS for 1.5 and 4.5 seconds may be computed from Table II. 
“4 Duration in Seconds 
0] Log In Observer 
1e 0.003 0.005 0.013 0.020 0.030 0.066 0.200 0.500 
ft 
e 3.81 3-35 3-27, | 3-37 | 3-38 | 3.46 | 3.50 | 3.61 3.69 ACS 
w : ; 3.31 3-32 | 3.37 | 3:39 | 3-45 | 3-53 3.61 3.68 JEF 
- 2.67 2.74 2.71 2.75 2.80 2.88 2.99 3.09 ACS 
ue 3. 2.71 2.69 2.78 2.78 2.81 2.89 2.98 3.09 JE! F 
le “et 2.16 2.17 2.19 2.12 2.18 2.25 2.46 2.52 CS 
m ‘93 2.21 2.23 2.22 2.23 2.24 2.27 2.43 2.48 i F 
- 1.57 1.60 1.72 1.61 1.60 1.67 1.86 1.93 ACS 
1- 03 1.62 1.62 1.70 1.71 1.69 1.79 1.86 1.87 JEF 
0 sie 0.95 0.96 0.89 0.94 0.95 0.89 1.05 1.09 ACS 
- ; 0.92 0.96 1.01 0.98 1.01 1.04 1.10 1.12 JEF 
:. 0.63 0.44 0.43 0.43 0.44 0.45 0.43 0.50 0.52 ACS 
‘ . 0.44 0.43 0.46 0.43 0.42 0.49 0.52 0.51 JEF 
0.06 0.05 0.08 0.08 0.03 0.06 ACS 
0.05 0.06 0.06 0.06 0.07 0.06 0.13 JEF 
26 1.49 1.51 1.52 1.51 1.51 1.52 1.56 1.57 ACS 
.. 5 1.51 1.54 1.52 1.52 1.53 1.53 1.54 1.55 JEF 
of 1.13 1.14 1.13 1.11 1.14 1.14 1.15 1.16 ACS 
1.15 1.16 1.15 1.15 1.14 1.15 1.15 1.14 JEF 
> 5 2.88 2.88 2.88 2.88 ACS 
4 93 2.87 | 2.88 | 287 | 72.87 JEF ; 
| 26 2.62 2.62 ACS 2 
2.62 | 2.62 JEF 
d TABLE II a 
Re.ation Between Bricutness DirFerence Limen Al anv THE Mean Bricutness 
FOR DIFFERENT DuRaATIONS AND FOR Various Levets oF MEAN BRIGHTNESS 
Duration in Seconds 
0.003 0.005 0.013 0.020 0.030 0.066 0.200 0.500 1.50 4.50 
Log I 3.63 3.62 | 3.64 | 3.65 3.67 | 3.68 3-72 3.75 3-77 3-79 rs 
Al/I 1.00 1.06 | 0.94 | 0.91 0.78 0.66 | 0.45 0.29 | O.15 0.07 3 
, LogI | 3.04 | 3.03 | 3.03 | 3.04 | 3.05 | 3.08 | 3.11 | 3.15 | 3.18 | 3.20 3 
j Al/I 1.03 1.02 1.00 0.9 0.87 0.72 0.51 0.27 0.13 0.06 
LogI | 2.46 | 2.46 | 2.47 | 2.4 2.47 | 2.48 | 2.55 | 2.57 | 2.59 | 2.62 4 
f Al/I 0.94 0.94 0.91 0.95 0.90 0.81 0.42 0.30 0.16 0.04 
Logi | 1.86 | 1.87 | 1.90 | 1.89 | 1.88 | 1.91 | 1.95 | 1.97 | 1.99 | 2.14 . 
l Al/I 0.92 | 0.90 | 0.70 | 0.79 | 0.81 | 0.66 | 0.39 | 0.29 | 0.18 | 0.06 x 
- Log 1.09 1.06 1.09 1.10 1.11 1.11 1.14 1.16 1.18 1.20 
" Al/I 0.61 | 0.62 | 0.66 | 0.56 | 0.52 | 0.54 | 0.31 | 0.24 | O15 | 0.04 5 
of 0.54 | 0.54 | 0.55 0.54 | 0.54 0.55 0.57 0.58 0.61 0.60 re 
1d Al/I 0.43 | 0.45 | 0.42 | 0.44 | 0.44 | 0.36 | 0.27 | 0.26 | o.15 | 0.05 * 
Log I 0.14 | 0.13 0.14 | O.14 0.14 | 0.14 | 0.16 | 0.16 | 0.18 | 0.20 i 
c Ari 0.35 | 0.40 | 0.32 | 0.32 | 0.33 | 0.34 | 0.21 | 0.20 | our | 0.04 : 
, Lo 1.57 1.58 1.58 1.58 1.58 1.58 1.59 1.60 | 1.61 1.62 
all 0.30 | 0.28 0.25 0.26 | 0.25 0.24 0.20 | 0.16 | O11 0.06 
r 1.18 1.19 1.18 1.17 1.18 1.18 1.18 1.18 1.19 1.19 
S aif 0.19 | 0.17 0.19 | 0.18 0.16 | 0.15 0.14 | 0.14 | 0.10 | 0.08 
silt 2.90 2.91 2.90 2.90 
Al 0.13 | | 0.12 | 0.12 
Log 2.65 | 2.65 | 2.65 2.65 
0.11 | 0.12 | 0.10 | 0.10 
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no basis whatever for assuming the data for the two subjects to have 
been drawn from statistically different populations. Except for the 
1.5 and 4.5 second exposures, the results indicated in Table II are 
the pooled data for two observers. For these durations, the figures 
represent the results for only one observer; thus the mean presented 
is for only one-half as many data. Furthermore, in such prolonged 
observation as characterized these durations it is difficult to control 
eye movements; if any movement occurs, discrimination of the first 
type may come into play. For these reasons, then, the findings for 
the two longest durations do not have so much inherent validity as 
do those for the shorter durations. 

The use of A/J/I is a departure from convention, but one which 
seems applicable to this situation. Furthermore, such a plot is in- 
dicated as most suitable for a test of theory under preparation. From 
Table I it is, of course, possible to compute the more conventional 
ratios. Fig. I illustrates the dependence of the curves upon the 
kind of plot selected. 

Fig. 2 was constructed from Table II. This figure shows that 
as the mean brightness increases to very large values, the ratio A//J 
increases. ‘The increase is much more marked the shorter the time 
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Fic. 1. Illustration of the change in the ratio AJ/J as different values are used in the 
denominator of the ratio. The data are for J. E. F., for the 0.003 second duration. When the 
lower brightness is the denominator, the curve A//J; is the plot of the data; the AJ /I curve shows 
the outcome of the use of J, the mean brightness, in the denominator; and the AJ/J;, curve repre- 
sents the ratio with J,, the higher brightness, as the divisor. 
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+ 0.003 o 0.200 
e 0.005 x O500 
o 0.013 1,50 
© 0.020 @ 4,50 
5 0.030 
14+ « 0.066 


~~ 


Fic. 2. The relation between AJ// and T for various values of J and for various durations 
of exposure. The AJ/I refers to the data for 4.5 sec.; the curves for each successively shorter 


duration have been raised 0.1 unit above the one for the next longer duration. Thus, for ex- 
ample, one should subtract 0.3 from the A//J axis in reading the curve for 0.2000 sec. 


of exposure, and indeed with a duration of 4.5 seconds, the increase 
is slight. The data for this duration are in qualitative agreement 
with equation (3) for flashes for long duration, except in the lower 
intensities. However, it could be argued that an absolute threshold 
measurement with one semicircle is a discrimination of the brightness 
on that area from the zero brightness prevailing over the neighboring 
semicircle. We would then assume a theoretical value of 2.0 for 
AI/I at a brightness equal to one-half the absolute threshold for one 
semicircle presented singly. From this theoretical value, A//J first 
decreases as I increases from very low values. Such an argument 
seems a little forced, however. The actual difference data for two 
observable brightnesses show no such decline in A//J. 

From Table II it is possible to interpolate AJ /I for various mean 
brightness levels. Fig. 3 is a plot of the AJ/I values for different 
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TIME IN SECONDS 


Fic. 3. Graph showing the change in A//J with time of exposure of I for various mean 
levels of brightness 7. Each curve is raised 0.1 unit above the one for the next lower intensity, 
and thus the A//I scale reads directly only for [ = 0.079 millilambert. The data for 1.5 sec. 
and 4.5 sec. are not included, but, in general, fall along the same curves. See Fig. 4 for a further 
analysis of this function. 


mean brightnesses as a function of the duration of the flashes. It is 
clear that AJ/I becomes reduced with increasing exposure time, and 
that the result is much more marked with higher intensities. 

In order to permit closer inspection of the values for short dura- 
tions by spreading them out over a wider scale, the same data were 
put in a graph for AJ/I vs. log tin seconds. The data for all dura- 
tions are included in the plot, shown in Fig. 4. The points have 
been fitted by empirical curves which emphasize an apparent trend 
of the data. The validity of our fit may well be disputed, but if it 
is valid, then it is seen from the graph that at first there is only a 
slight linear reduction in A/J/I as log t increases. A value of log # 
is soon reached, however, where A//T falls rather rapidly, but with 
decreasing slope. The decline is more rapid with higher intensities. 
Also, the time at which the marked reduction begins to occur 1s 
shorter the greater the brightness. The decrease in AJ/I has not 
even ceased for t = 4.5 seconds. But since AJ/I must always have 
some finite positive value, it is certain that a final asymptote must be 
approached at a value beyond 4.5 seconds. 
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It has been stated that a tentative prediction can be made for 
this experiment from Hecht’s differential equation. The prediction 
is that, for brief durations, the threshold brightness difference will 
be independent of the time of exposure. For this result, the assump- 
tion is applied that the detection of a threshold difference is governed 
by a constant amount Ax of difference in the concentration of photo- 
products over the two areas. The theoretical expectation is in some 
conformity with the observation from Fig. 4 that, for brief exposures, 
AI/I decreases only slightly with increase in duration. 

It is assumed that foveal dark-adaptation following the brief 
flashes used in the experiment was practically complete in one min- 
ute. This may not bethecase. But at any rate, check experiments 
with one subject, in which we used mean brightnesses of approxi- 
mately 4400 and 12 millilamberts and durations of 0.003 and 0.50 
seconds, reveal that the AJ/TI fraction is relatively constant after 40 
seconds for a flash of the same brightness and duration. 

Fig. 4 has been discussed. It is interesting to note the relation 
of the mean brightness of each curve to the value on the log time 
axis at which the data are indicated as separating into two functions. 


-2.0 -1.0 00 


LOG TIME IN SECONDS 


Fic. 4. The relation between AJ/I and the logarithm of the duration ¢ for various mean 
brightnesses f. As in Fig. 2, the curves for each mean brightness are raised 0.1 unit above the 
curve for the next lower brightness.. The numbers on the abscissa refer only to J = 0.079 and 
must be reduced 0.1 for each successively higher mean brightness. 
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If this be called critical time t,, then the relationship can be described 
reasonably well by the empirical equation: It, = Ke7?, T[ is in 
millilamberts and ¢, in seconds in this equation. XK is unity, and 
has the appropriate dimensions to render the equation meaningful. 
There is no theoretical significance to this empirical equation. How- 
ever, the equation /t® = C is also an adequate description for the 
data reported by McDougall (g) for the time for a flash to be seen 
with maximum apparent brightness. Still another power function 
describes the relation between critical durations and prevailing in- 
tensities for brightness discrimination of the first type. From Gra- 
ham and Kemp’s data (5), a plot for seconds critical duration vs. 
millilamberts adaptation brightness reveals an empirical curve described 
by /t,!° = Ke~**-*. Keller’s data (8) afford an even more precise 
fit for this expression. 


SUMMARY 


1. The operations by which brightness discrimination thresholds 
are measured have been analyzed, and it is shown that brightness 
discrimination is a mixture of two ideal types of discrimination. 

2. The results of a brightness discrimination experiment of the 
second type are presented. In this experiment the liminal bright- 
ness difference for two adjacent areas exposed simultaneously to the 
dark-adapted fovea was determined as a function of the time of 
exposure and as a function of the brightness of the two areas. It 
was found that for any mean brightness, the difference threshold 
decreases with longer exposure of the areas; and for any given dura- 
tion of exposure, the ratio AJ/J increases as the brightness becomes 
very great. 

(Manuscript received May 22, 1942) 
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THE REVERSAL OF SIMULPANEOUS 
BRIGHTNESS CONTRAST 


BY SIDNEY M. NEWHALL 
Johns Hopkins University 


The familiar result of comparing physically identical gray figures 
on adjacent black and white grounds is for the gray figure on the 
black ground to appear lighter while the gray on the white appears 
darker. With the simple figure-ground relations often found in 
demonstrations, this classical contrast effect has long been known 
to be remarkably regular and predictable. Nearly all observers re- 
port the same kind of effect which varies in degree according to 
known laws of relative size and reflectance (12, 22, 40, 41). 

But striking departures from classical uniformity can be demon- 
strated when certain complications of the figure-ground relations are 
introduced. Wertheimer and Benussi, for instance, showed that a 
single figure overlapping juxtaposed contrasting grounds exhibits 
little contrast effect, whereas a pair of figures reposing separately on 
the respective grounds appear in obvious contrast (3, 23,25). Benary 
presented charts which show that a gray sample lying within the con- 
tour of a dark figure will appear lighter than an identical sample 
which, though in just as close juxtaposition to the dark figure, does 
not lie within its contour (2). Hering showed in his ringed shadow 
experiment that when the penumbra is covered with a line the re- 
maining shadow area becomes darker (11). MacLeod found that 
the Hering darkening effect occurs even when there is no perception 
of shadow or special illumination (32).! 

Whereas experiments like the above illustrate changes in effect 
which are largely correlated with changes in figure, others have 
shown equally striking changes in effect which are correlated with 
changes in ground. Helson and Judd, for instance, found that the 
perceived color of the sample or figure varied in systematic relation 
to the reflectance of the surrounding field (8, 9, 14). Still other 
citations can point to the importance of a third factor, i.¢., individual 
set or point of view. Benary demonstrated an alteration in contrast 
by presenting a gray patch half surrounded by black and half by 
white. When perceived as standing on the white the gray seemed 

1 The graduation or merging of the border was an effective factor which seems, in fact, to 
correspond to the standard military practice of thinning out around the edges of hiding foliage 


camouflage. Such treatment seems effective, whether or not there is any perception of shadows 
by observers above. 
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darker than when perceived as standing on the black (2). Wolfti 
and Riedel have reported similar effects (35, 42, 43). Katona used 
a \-shaped screen with the vertical edge of the V nearest the observer 
and one-half of the screen receiving light from a window. When the 
observer succeeded in subjectively ‘pushing’ the edge of the V to the 
back so that the other half of the screen would seem in position to 
receive the light from the window, the lightness relations of the two 
halves were reversed (18). In brief, there are numerous special de- 
vices available by which the usual kind of effect may be exaggerated, 
reduced, or even reversed. 

‘The present purpose was to investigate some reversals which 
were surprising because at first they did not seem to depend upon 
special devices but rather appeared to be occurring under relatively 
simple or classical conditions.? 


First OBSERVATIONS WITH THE FACE-FIGURE 


‘hese reversals were accidentally discovered. An enlarged copy of Riedel’s face-figure, for 
demonstrating the influence of organization on lightness contrast, was kept on the writer’s desk 
for a few weeks and shown to visitors, merely as a matter of psychological interest (35). This 
chart included adjacent light and dark grounds on each of which was an identical gray outline 
figure of a human head with hat, Fig. 1, upper. ‘This part of the set-up seemed classical and so, 


Fic. 1. Identical gray figures on juxtaposed black and white grounds. 


2 "he writer is indebted to the Seminar of the Psychology Department of Swarthmore College 
for the advantages of a discussion of method and results, and the inspiration to write up these 
observations. 
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as expected, people perceived the figure on the dark ground as obviously the lighter. There came 
a day, however, when a visitor reported that the figure on the dark ground was the darker. 
After this the chart was shown not only to visitors but also to people the writer visited in the 
hope of discovering others who might corroborate the first case of reversal. Before summarizing 
the results from the 17 individuals who participated in these earlier observations a word must be 
written regarding the conditions of viewing. 

The study was restricted to lightness contrast with non-selective samples and grounds. 
Observation was binocular and usually near reading distance. The illumination varied consider- 
ably in degree though usually it was daylight or artificial daylight. The dimensions of the Riedel 
chart were 9 by 12 in., the identical face-figures on each half being about 2} by 24in. The fairly 
complex outline gray lines of these figures were of the order of § in. wide. Much background was 
visible between the gray lines and, of course, around the figures as wholes. The gray of these 
figures was Munsell neutral 5/ while the juxtaposed grounds were black and white papers fixed 
to bristol backing (34). The chart was simply shown or handed to the observer with the request 
to compare the two figures and report any difference in lightness or darkness of the gray. 

The original observers may be divided into three groups on the basis of their observations, 
viz., those who reported classical contrast, those who reported that the two figures were the same 
in lightness, and those who reported the reversed effect. The subjects are symbolized by a serial 
number and letter, the latter indicating sex. It seemed well also to record facts of occupation 
or interest which might indicate whether the individual was probably sophisticated or naive with 
respect to simultaneous contrast. 


Observers Reporting Classical Contrast.—This group was comprised 
of 1F (color technologist), 2F (color technologist), 3F (optometrist 
and psychology M.A.), 4F (secretary to psychologists), 5M (indus- 
trial dyes and pigments), 6F (color technologist), 7M (artillery officer 
and psychology Ph.D.), 8F (secrecary to color technologist). All 
except 2F and 7M reported unreservedly that the gray figure on the 
black ground looked lighter; usually they said ‘much lighter,’ ‘defi- 
nitely lighter,’ or ‘obviously lighter.’ 

According to 2F the gray on the black did look darker for a mo- 
ment “before I realized what I was supposed to see; then it looked 
lighter.” After that it always looked lighter. The initial anomalous 
response was considered too fleeting and atypical to permit classifica- 
tion of this observer in the reverse group. ‘The experience of 7M 
seemed much the same; at first he reported the anomalous effect but 
soon he reverted to the usual effect and adhered to it. Though 
difficult to classify, these cases point to the importance of expectation 
or set in controlling the perception of contrast. 

Observers Reporting No Contrast.—There were only three persons 
in this group, v1z., 9M (expert cotton grader), 10M (college science 
major), 11M (professor of educational psychology). Each observer 
reported initially that both the gray figures were of the same light- 
ness, but each observer no longer saw them as equal when either he 
_ or the investigator varied sufficiently the conditions of observation. 
Thus, this classification also is somewhat arbitrary. At normal view- 
ing distance, 9M reported that both figures were ‘very definitely’ 
the same; but when he took a very close view so that the field was 
thrown out of focus he reported the classical effect. At first 10M 
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reported that the pair of Riedel heads looked the same. After that 
he was shown uniform gray rectangles mounted on black and white 
grounds, and he reported that the gray rectangle on the black looked 
lighter. Finally he was presented with the face chart and the rec- 
tangle chart simultaneously, then he reported that the head on the 
black ground was now somewhat the lighter, though not as much as 
the rectangle on the black ground. Thus classical contrast was 
eventually reported for the face-figure. Part of the time 11M found 
both figures of the face to be the same in lightness but part of the 
time they seemed to fluctuate, now one seeming darker and now the 
other. This latter result was repeated and verified in later sessions. 

Observers Reporting Reversed Contrast.—The six individuals who 
reported definite instances of reversed contrast were: 12M (college 
senior), 13M (philosophical phenomenologist), 14F (house keeper), 
1SF (typist), 16F (library worker), and 17F (high school teacher). 
Since special interest resides in these exceptional cases they were 
observed at greater length and will be reported in greater detail. 

After 12M had reported that the figure on the dark ground ap- 
peared darker than the figure on the light ground, he was shown the 
chart with uniform solid gray rectangles at the centers of adjacent 
black and white grounds. With this chart, as had 10M, he observed 
the classical effect, 1.e., the gray on the black was perceived as the 
lighter. Next this chart was placed just below the face-figure chart 
and the observer looked back and forth from one chart to the other. 
He reported that the opposed effects persisted even under this direct 
comparison: Finally 12M was supplied with a Munsell 9-step neutral 
value scale mounted on a white ground (34); and he was requested 
to evaluate in terms of this lightness scale the four gray figures on 
the charts before him. It should be recalled that all four figures 
were made from the same gray paper. ‘The observations were in 
natural daylight near a window. There was some fluctuation in the 
face figures and once O said they appeared the same, as evaluated 
on the neutral scale. Most of the time, however, the gray face on 
the black was the darker, and the typical results were as follows: The 
scale value matching the face on the white ground was Munsell 7/ 
while that matching the face on the black ground was 6.5/. The 
scale value matching the rectangle on the white was 5.5/ while that 
matching the rectangle on the black was 5.8/. ‘Thus in the face 
figures, contrast was reduced 0.5 value step below equality while in 
the rectangle figures contrast was raised 0.3 value step above equality. 
The corresponding figures denoting percentage change are, respec- 
tively —7 and +5. In other words, this individual had evinced 
reversed contrast for the face-figures but classical contrast for the 
rectangle figures. 
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After the lapse of some weeks, 12M returned for further observa- 
tions. This time he viewed the charts under a Macbeth daylight 
unit as well as under natural daylight. But now, regardless of il- 
lumination, the classical contrast effect manifested itself in the case 
of the face figures as well as the rectangle figures. Incidentally, the 
observer tried viewing the charts from various distances, and thought 
that the gray on the white appeared darker at greater than at lesser 
distances. 

The face chart was viewed by 13M repeatedly and under different 
illuminations, but he reported that the face on the black ground 
looked the darker without any doubt and continued to do so. He 
qualified, however, by saying that ‘darker’ was not such a good word 
as ‘more compact’ or even ‘more intense.’ When 13M called again 
four days later he held the chart upside down. In that position the 
classical effect became manifest to him for the first time; but when 
the chart was again turned to the upright position (or either side-up 
position), the reversed effect was apparent once more! No explana- 
tion was forthcoming from the professional phenomenologist who 
returned this remarkable result. 

The next observer, 14F, reported that the face on the dark ground 
was definitely the darker, whether or not the chart was held upside 
down. ‘The observations were repeated several times without change 
in results. Both figures seemed somewhat ‘heavier’ when the chart 
was held upside down. 

At first, 15F did not use at all the terms lighter and darker in 
referring to the figures. Instead, she repeatedly referred to the fig- 
ure on the dark ground as a more steely gray than that on the light 
ground. Since there was some uncertainty as to whether the term 
darker was applicable to her perception, it was especially desirable 
for her to try to evaluate the figures in terms of the 9-point lightness 
scale. When viewing the chart from a distance of about one foot, 
she found it entirely possible to rate the gray on the white at 5/ and 
the gray on the black at 4/.. This result plainly indicated reversal in 
this observer at this distance. When the figures were viewed at a 
distance of 6 feet, however, both were assigned the same lightness 
rating, viz., 5/. Finally, the aforementioned chart of solid rectangles 
was observed near to and at a distance, but at both distances only 
the classical effect occurred. These results not only corroborate pre- 
ceding findings but suggest in addition a dependency of the reversal 
on the distance factor. 

Observer 16F reported that the head on the dark ground was the 
darker; but she had come in to inquire about courses and further 
observations were not made at the time. 
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Observer 17F had been acting as a subject in a color vision ex- 
periment and it was she who happened to be the first person to mani- 
fest the reversed contrast effect. At the time the writer merely 
made sure of the report by repeating the observation. 

The face figure was shown to a group of about 25 visual experts 
while the writer was discussing simultaneous contrast. One psy- 
chologist who happened to be sitting in the front row about five feet 
from the chart reported reversal. After the session he observed the 
chart at about 20 feet and got the classical effect. Then as he slowly 
approached the chart, he passed through a neutral position and at 
close range again experienced the reversal. These casual observa- 
tions are interesting but possibly they were affected by suggestions 
of the speaker in his discussion of the subject. 

Summary of Results from the First Observations.—(1) A minority 
of observers reported the reversed effect; here the proportion was 6 
to 17. (2) The effect was not stable in some at least of those who 
did get it. (3) No one secured the effect in the case of the solid 
rectangular figures. (4) Comparison of the occupations of the ob- 
servers indicates that the effect was not found in sophisticated 
subjects. 


LATER OBSERVATIONS WITH VARIOUS FIGURES 


The individuals who had reported reversals in the first observa- 
tions were asked to participate in more systematic study under new 
conditions; fortunately it proved possible to secure again the co- 
operation of all six. The object now was to discover whether the 
reversed effect could be experienced with figures of different form 
than the face and to see whether the effect would continue to be 
restricted to outlined as compared with solid or silhouetted figures. 
On the tentative assumption that the reversal was some Gestalt or 
constancy phenomenon, it was decided to try forms of more or less 
meaningfulness and complexity.’ 


Eight charts were prepared for the purpose of exhibiting the solid and outline versions of 
four different pairs of identical gray figures. These figures were the Riedel face (nearly a duplicate 
of the one used in the first observations), a conventional side view of a horse’s head, a dumbbell 
and a rectangle. As before, the charts were 9 by 12 in. in size, the contrasting grounds being 6 
by g in. each. The lightnesses of these grounds were, respectively, Munsell neutral 1/ and 9/; 
and the lightness of the identical gray figures affixed to the centers of the grounds was neutral 5/.‘ 
These charts, and the original Riedel chart, were placed one at a time on a neutral gray surface 
about 2 by 3 feet in extent. This neutral ground lay beneath a four-lamp Macbeth daylight unit 
which provided a uniform illuminance of approximately 50 f.c. at 6300° K.6 The subject was 


3 Dr. Aron Gurwitsch kindly aided the writer by discussing the problem and suggesting forms 
for trial. 

4 An opacity test in the laboratory of the Munsell Color Company showed that the under- 
lying grounds did not affect perceptibly the reflectance of the figures. 

6 With the illuminance known and the fact that Munsell value specifications can be trans- 
formed to percent reflectance, the stimuli can, if desired, be designated in terms of some ‘physical’ 
unit such as the millilambert. 
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requested to make first a verbal report of his qualitative judgment and that was followed by 
evaluation of the figures in terms of the 9-point lightness scale. 


Later Results of the Observers who Originally Reported Reversed 
Contrast.—Observer 12M. All four of the new outline charts, as 
well as the original Riedel chart, gave rise to the reversal of contrast. 
On the other hand, all figures in solid silhouette produced the classical 
effect. These consistent results were secured both in terms of the 
verbal report and the more quantitative evaluation by the 9-point 
lightness scale. ‘The reversal was most striking with the Riedel fig- 
ures and least with the dumbbell. The interesting results of viewing 
these figures at different distances were as follows: at 15 ft the classical 
effect; at 10 ft no effect; and at 5 ft the reversed effect. 

At the beginning with observer 13M, the Riedel charts yielded 
still the reversed effect though the qualitative report referred to the 
gray figure on black as ‘more solid’ rather than as darker. The 
reversal seemed somewhat the more definite with the original Riedel 
chart, and in that connection the observer remarked that the faces 
on the old chart were ‘better.”. This observer secured the classical 
effect with the horse, dumbbell and rectangle, whether in outline or 
solid form. Only in the case of the outline horse was there any 
doubt about this result. In that case there was a suggestion of re- 
versal in terms of the scale evaluation whereas the classical effect 
was indicated in the qualitative report. Next the observations with 
the Riedel charts were repeated and now the reversed effect was no 
longer found with them. At a distance of 12 ft, in fact, the classical 
effect was very marked; here the scale ratings were Munsell 5/ and 
7/ for the figures on the light and dark grounds, respectively. 

The final effort in the 13M session was a series of alternating 
right-side up and upside down trials; and in this series the reversed 
contrast effect reasserted itself. The results of the first four trials 
were as follows: 


Trial Orientation Figure on white ground Figure on black ground 
I rightside up 6 5 
2 upside down 5 6 
3 rightside up 5 5 
4 upside down 5 6 


The table shows that when the outline face figure was held rightside 
up in the first trial, the gray figure on the black ground was evaluated 
at 5/ while the figure on the white ground was evaluated at 6/. This 
was a reversal; but under the same viewing conditions in the third 
trial there appeared to be no contrast. After the fourth trial, the 
classical relation persisted regardless of orientation. It should be 
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noted, however, that there were several cases of reversal or partial 
reversal during a given trial. In general this subject’s results bear 
witness to the instability of the phenomenon. 

Observer 14F displayed a discrepancy between the results with 
the outline Riedel charts as given qualitatively and as found with the 
lightness scale. The classical effect was reported verbally whereas 
the scale evaluation indicated the reversed effect. All observations 
with the dumbbell, horse and rectangle gave the classical effect. At 
the very end of the session a repetition of the Riedel observations 
showed that both qualitative report and scale evaluation pointed to 
the classical effect; thus the reversal appears to have broken down 
completely. 

Observer 15F reported nothing but classical contrast in case of 
the dumbbell, horse and rectangle. ‘Three trials were made with the 
old and new Riedel figures; and the reversal was always manifest 
with the old outline figure but never with the new. This difference 
seemed to refer to the gray figures on the black grounds, and for this 
reason: the gray on the old black ground looked darker than the gray 
on the new black ground, but the gray on the old white ground looked 
the same as the gray on the new white ground. Ina third and sepa- 
rate session this observed difference between the new and old Riedel 
figures was checked. Again the old figure manifested the reversal 
while the new figure showed the classical effect. This harmonizes 
with the more definite results with the old figure of observer 13M. 
He thought the reason might be that the old figure had a ‘better’ face. 

Finally observer 15F was asked to observe the old Riedel figure 
at different distances. At 15 ft she reported the classical effect (for 
the first time with this figure). Then she gradually moved up and 
at about Io ft the gray on the black began to get darker again, 1.¢., 
the reversed effect returned. 

Observer 16F showed no clear indications of reversal in this series. 
Though there was evidence of the classical effect in all cases this 
effect was more marked for the solid figures than the outline figures. 
In case of the outline figures, the gray on the black was sometimes 
only slightly lighter. ‘Lighter’ was considered a poor term; ‘as 
though more light were thrown on it’ would be better. 

At the end of the session this subject viewed each of the outline 
charts at about 15 ft and slowly approached. In each case she re- 
ported that the (classical) contrast was most marked at a distance 
and decreased somewhat as she approached. When close to the chart 
the two figures appeared nearly equal. This observation on the in- 
fluence of the distance of viewing agrees in an important respect 
with the similar observations of 12M and 15F. They all point to 
near viewing as a condition favoring the reversal phenomenon. 
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Observer 17F agreed with the other observers in reporting nothing 
but classical contrast in the case of the solid figures. Here results 
with the outline figures varied with the charts. The rectangle gave 
results which were definitely classical; the dumbbell yielded classical 
contrast; the results with the horse were doubtfully classical; and 
both Riedel figures resulted in definite reversal. Once again, the 
effect seemed somewhat more pronounced with the old Riedel chart 
than with the new. At the end of this session observations of both 
the (outline) Riedel charts were made at a distance. As far as 10 
ft the reversal was still manifest. 

Results of Six Control Subjects.—With the exception of 4F, these 
were all new subjects chosen solely on the basis of availability. They 
followed the same procedure as the six experimental subjects whose 
results have been discussed just above. Since all the latter subjects 
had been selected on the basis of reversals with the Riedel figure, it 
seemed desirable to provide this opportunity for fresh subjects also 
to react to the series of figures. Judging from experience, most of 
these new subjects would not evince reversals, and could be used to 
provide a relatively ‘normal’ baseline with which to compare the 
reversed effect. 

This group included 18M (college student), 4F (secretary to 
psychologists), 19M (college senior), 20M (college student), 21M 
(psychologist), and 22F (typist). As it turned out, only observer 
18M gave any evidence of reversal. There were two indications in 
his case: (1) When looking back and forth at the figures on the new 
(outline) face chart, “‘the black seemed to come through and make 
the figure on the black ground darker.’” ‘Though the verbal report 
was ‘darker,’ the scale evaluation placed both figures at 5.5. (2) In 
case of the outline dumbbell, both qualitative report and scale evalua- 
tion evinced reversal. While all other reports were of classical con- 
trast, it is interesting to note that observers 18M, 4F and 20M all 
reported that such contrast is more pronounced in the solid than in 
the outline figure. 

Numerical Results —Tables I and II provide the numerical re- 
sults of the scale evaluations by the six observers who reported 
reversals in the early observations and the five control subjects who 
only reported classical contrast. 

There is marked individual variation in both experimental 
and control groups, as a comparison of the ranges in the bottom 
rows of the tables will show. Nevertheless, a comparison of the 
averages indicates three points: (1) The experimental group made 
lower contrast estimates of the outline figures than of the solid, 
whereas the control group made equal estimates of both outline and 
solid figures. (2) The experimental group made lower contrast esti- 
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TABLE 1 


Measures oF Contrast, IN TERMS OF THE MuNSELL VALUE UNIT, BY THE Srx 
OsseRVERS WHO ORIGINALLY REPORTED REVERSALS 


This table exhibits the differences in the evaluations of identical gray figures on white and 
black grounds. The five types of figures are indicated in the top row. A negative difference 
(—) indicates reversal, 1.¢., the gray figure on the black ground appeared the darker; a plus differ- 
ence indicates the classical effect, 1.¢., the gray on the black appeared the lighter. Out. = outline 
figure. Sol. = solid silhouette. 

Example: The first number in the body of the table means that when observer 12M looked at 
the original gray face figure in outline form, he found that figure to appear 0.2 value unit darker 
on the dlack ground than it appeared on the white ground. The third number in the top row 
means that the same observer found the solid face figure to appear 0.5 value unit lighter on the 
black ground than it appeared on the white ground. 


Old Face New Face Horse Dumbbell Rectangle 
Obs. 

Out. Out. Sol Out Sol Out Sol Out Sol 
12M —.2 —.5 —.3 3 8 —.2 3 
13M —1.5 —4] 1.5 fo) 1.1 1.3 I.1 1.0 1.3 
14F —1.0 —.5 | 1.0 —.5 8 3 5 
—.2 3 6 1.0] 5 
16F 1.0 5 4 9 8 1.0 

17F —.5 —1.0/ 1.0 | —I.0| 1.0 1.0 1.0 1.0 Oo 
Average —.7 —.2 8 6 8 4 6 
Range 1.3 2.0] 1.0 2.0] II 1.4 6 1.2 1.3 

TABLE 2 


Measures OF ConTRAST, IN TERMS OF THE MunsELL VALUE UNIT, BY THE FIVE 
Controt Osservers Wuo ReEporteD NoTHING BUT THE CLassIcAL EFFECT 


For comparison with Table 1. 


Old Face New Face Horse Dumbbell Rectangle 

Obs. 
Out. Out. Sol. Out. Sol. Out. Sol. Out. Sol. 
4F — 1.0 0.5 1.3 1.0 0.7 1.0 1.0 1.0 
19M —_ 2.3 2.5 Sf 2.8 3.0 2.7 3.0 2.5 
20M — 0.3 1.0 O.1 0.5 0.5 0.4 0.7 0.8 
21M _— 2.5 2.5 3.2 3.0 3.0 2.9 2.7 3.0 
22F _ 1.5 1.5 1.5 1.0 1.5 1.0 1.5 2.0 
Average _— 1.5 1.6 1.7 1.7 eS 1.6 1.8 1.9 
Range _— 2.2 2.0 3.1 2.5 2.5 2.5 2.3 2.0 


mates of solid as well as outline figures, than did the control group. 
(3) In case of the experimental observations of the outline figures, 
there is evidence of a dependency of degree of observed contrast on 
form or complexity of figure. Inspection of the signs of the individual 
entries in the tables, reveals a fourth result, v7z., (4) reversed contrast 
was never experienced with the solid figures. These quantitative or 
quasi-quantitative results based on the evaluations with the Munsell 


— 
: 
AS 
3 
~ 35, 
24, 


REVERSAL OF SIMULTANEOUS BRIGHTNESS CONTRAST 403 


value scale, were confirmed by the qualitative verbal reports of direct 
comparisons of the contrasting gray figures. 

Table 3 presents a summary comparison of the results in Tables 1 
and 2. The five cases of reversal with the old face figure are omitted 


TABLE 3 


SUMMARY COMPARISON OF EXPERIMENTAL AND ConTrROL Groups IN TERMS OF AVERAGE 
VALUE DIFFERENCE AND OF PERCENT CASES OF REVERSAL 


Average value difference Percent cases of reversal 


Observer groups 


Out. Sol. Out. Sol. 
Experimental (Table 1)............. 0.25 0.70 25 Oo 


from this comparison because that figure was not judged by the 
control group. This table shows that on the average the subjects 
who reported reversals observed nearly half a value step (0.70-0.25) 
more contrast effect between solid figures on contrasting grounds than 
they did between outline figures on identical contrasting grounds. 
Half a value step represents an easily detected difference of the order 
of 25 just perceptible differences (1). The control subjects are seen 
to have reported a normal contrast effect of about 1.7 value steps, 
regardless of the version of the figure employed. An independent 
unpublished investigation with 12 observers comparing the solid gray 
rectangles on extremely contrasting backgrounds yielded an average 
result of 1.5. ‘These results indicate that our average experimental 
difference in contrast effect for the outline and solid figures was nearly 
one-third of the maximum effect to be expected with solid figures and 
normal subjects. This result seems significant, and it gains further 
support from the evidence of concomitant variation between com- 
plexity of figure and amount of effect. 

In addition to the average values on the Munsell scale, Table 3 
shows the relative frequencies of cases of change of sign, 1.¢., actual 
reversal. (If data with the old face figure had been included, this 
number would be 48 instead of 25 as reported.) 


Group RESULTS ON FREQUENCY OF REVERSAL 


In order to check further on the fact of reversal and to secure some 
idea of the proportion of the population which might be expected to 
report reversal, the outline face figure was shown to four different 
groups of individuals not hitherto mentioned in this paper. ‘These 
observers were shown a carefully prepared lantern slide and asked to 
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note whether the outline figures differed and if so to report which 
was the darker. Of course, the mounted paper version of the outline 
face figure had been shown to three groups of observers discussed 
earlier. These included our original subjects, the small group from 
which our control subjects were chosen, and the group of visual ex- 
perts. The relative frequencies of reversals found in all seven groups 
are presented in the following table. 


TABLE 4 


RELATIVE FREQUENCIES OF CASES OF REVERSAL OF THE OUTLINE FAcE FIGURE 
IN SEVEN DIFFERENT Groups OF OBSERVERS 


Number of Percent 
Description of Group cases cases reversal 
Psychology Seminar.............. 7 14 
Psychology Class IC............. 55 II 
35 
Group yielding controls........... 6 17 


* Approximate. 


It will be noted that the frequencies of reversal are somewhat 
lower for all five instances of group presentation than for the in- 
dividual presentation with our two groups of subjects. This har- 
monizes with the earlier finding that relatively great distances of 
viewing disfavor the phenomenon of reversal. Perhaps sophistica- 
tion or expectation of classical effect helped to account for the ex- 
tremely low frequency of reversals in the group of visual experts. 
The unweighted mean of all the percent cases of reversal is 15. 
Perhaps the fact of reversal has been emphasized unduly. It is 
believed to be no more than a striking accident of the particular 
experimental conditions. The important point is the reduction in 
perceived contrast which the reversal so firmly establishes. 


INTERPRETATION 


Various findings indicate that the reduction in perceived bright- 
ness contrast demonstrated by the reversals in this experiment can 
be accounted for in terms of brightness constancy (transformation, 
phenomenal regression). First of all, contrast and constancy could 
possibly influence one another if they are not merely aspects of the 
same thing but rather fundamentally distinct processes. Nearly all 
of the authorities except Jaensch seem to agree on this point; and 
several investigations have even suggested the independent presence 
of the two effects in infra-human vertebrates (4, 7, 21, 26, 29, 30). 
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The distinction between contrast and constancy is evinced further 
by the marked opposition which analysis has revealed in their re- 
spective characteristics (18, 20, 31, 37). 

Second, data are available already which seem to indicate that 
brightness constancy does affect perceived contrast, or for that matter, 
that contrast can affect constancy; furthermore, it seems that the 
phenomenal change may be either in the direction of increase or of 
decrease (13, 18, 19, 31, 37). Katona observed that the well-known 
reciprocal effect in contrast is not duplicated in the case of constancy 
effect; and that it is for that reason that the two may operate either 
in harmony or in opposition, depending on circumstances (18). This 
suggests naturally enough that the situation in which our reversals 
occurred was one in which contrast and constancy conflicted; and 
that the conflict was the cause of the reversal. The notion of effec- 
ive conflict between contrast and constancy is far from new, but let 
us see how the present results can be employed to support this 
proposition. 

An outstanding differentia of what we have been calling contrast 
and constancy is relative stability. The ‘constancy’ effect is char- 
acteristically instable, presumably because of considerable depend- 
ence on some particular subjective condition like special object- 
attitude or set. On the other hand, the contrast effect is regularly 
stable because of its dependence upon the fixed objective factor of 
juxtaposed difference in the retinal stimulus. The outcome of effec- 
tive conflict between such normally stable and instable factors would 
itself be irregular and even indicative of the irregular factor. Per- 
ceived contrast reduced by the opposed action of a variable constancy 
should itself manifest the peculiar characteristics of constancy. ‘Thus 
the observed contrast effect would be a net or residual contrast 
reflecting the constancy factor. 

In line with this view, the reductions in observed contrast which 
were demonstrated by the reversals were found to accompany every 
recognized condition or consequence of constancy in the experimental 
set-up or the subjects. Review of the data and procedure reveals 
the presence of the following ten constancy characteristics: (1) Rela- 
tive independence of common contrast (18, 20, and 31, p. 50-56). 
(The reversals represented an effect opposite to that of common 
contrast.) (2) Marked individual differences (5, 10, 20, 31, 36, 38). 
(Some observers reported reversals and some did not.) (3) Import- 
ance of a favoring attitude (10, 20, 31, 43). (One sophisticated 
observer reported that the gray figure on the black ground looked 
darker ‘“‘before I realized what I was supposed to see; then it looked 
lighter.”’) (4) Break-down or marked change with familiarity or 
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special training (10, p. 64). (The reversals were sometimes reduced 
or eliminated in repeated observations.) (5) Difficulty in brightness- 
whiteness equations (10, 19, 24, 39). (Some observers volunteered 
that terms like brightness were inappropriate in reference to the 
reduced contrast effect; and they professed difficulty in exactly 
matching the effect on the 9-point value scale.) (6) Darkening occurs 
more readily than lightening, with change of gradient (24). (There 
is some slight evidence that the reversals depend more on darkening 
than on lightening.) (7) Object-attitude persisting in the face of 
changed field conditions (5, 10, 31). (Regardless of field conditions, 
the observers who reported some reversals regularly reported less 
marked contrast than did the other observers.) (8) Complexity 
favors constancy (10, 15, 17, 33). (Complexity favored the re- 
versals.) (9g) Constancy, as well as contrast, is independent of ab- 
solute stimulus intensities (12, 20, 27, 28). (Reversals occurred 
under various illuminances.) (10) Near-viewing favors constancy 
whereas far-viewing favors contrast (6, 10, 16, 19, 36). (Near- 
viewing favored the reversals.) 

Since the reversals thus appeared to possess numerous charac- 
teristics of a constancy phenomenon, it is concluded that they were 
the resultant of a conflicting constancy effect. Probably it would 
be more correct to say that the conflict would be in the conditions of 
the effects rather than in the effects themselves. In any case, there 
is no intention to suggest that the terms contrast and constancy 
represent special powers or entities. 

To show that a reduced contrast is due to constancy is something 
like discovering that a strange sensation is due to electricity; neither 
the reversal nor the sensation has been ‘explained’ in the sense of a 
full description of demonstrated underlying conditions. While the 
reduced contrast has been accounted for in a sense, it can scarcely 
be explained satisfactorily until what is usually called constancy is 
understood more thoroughly. 

In the meantime, additional evidence is provided for the in- 
adequacy of perceived illumination effects in the interpretation of 
brightness constancy; for such effects were not found in this experi- 
ment. On the other hand, the present data do not contradict other 
views regarding the general nature of so-called constancy, v7z., the 
widely held view that it is largely a matter of a favoring subjective 
set in conjunction with a suitable objective setting; or that it depends 
principally upon the presence of a condition of appurtenance or 
belongingness; or that it is essentially a phenomenon of conditioning 
or redintegration. 


| 
4 
uty 
we 
: 
| 


REVERSAL OF SIMULTANEOUS BRIGHTNESS CONTRAST 407 


SUMMARY 


The results of the original observations were confirmed and sev- 
eral additional points revealed in the later more systematic series. 
The summary for all observations is as follows: 


1. Effects were reported ranging from marked classical contrast 
to marked reversal of contrast. 

2. The reversed contrast effect was reported by a minority of the 
observers. Of the 22 persons participating in the individual observa- 
tions only 7 reported one or more unequivocal reversals. The aver- 
age percentage of reversals in the 7 different groups of persons tested 
was only IS. 

3. The reversed effect was not stable; it not only varied among 
and fluctuated within individuals, but also tended to break down 
with experience. 

4. The reversal was never reported in the case of the solid fig- 
ures; in nearly all such cases the classical effect was unmistakably 
present. 

5. There were some reports of reversal with four different outline 
figures, but the relatively complex face-figures yielded the most 
numerous and consistent results. Relatively slight unintentional 
differences in face-figures seemed sufficient to produce noticeable 
differences in results. 

6. The subjects who experienced reversal did not report such 
strong classical contrast with the solid figures as did the control 
subjects. The latter reported the same high degree of positive con- 
trast for both solid and outline figures. 

7. The reversals seemed more likely to occur at near than at far 
viewing distances. 

8. There was a suggestion that more of the effect may refer to 
the gray figure on the black ground than to the gray figure on the 
white. 

g. Terms like ‘steely,’ ‘more substantial,’ ‘more compact,’ ‘more 
illuminated,’ were sometimes used instead of ‘brighter,’ ‘lighter,’ or 
‘darker.’ Some subjects said that the latter terms did not describe 
what they saw. (These observers were not familiar with the con- 
figurationalist’s distinction between brightness and lightness.) 

10. Subjects who were unfamiliar with the classical rules of con- 
trast seemed more susceptible to reversals than did others. 

11. The reversals appear to have been the resultant of opposition 
or conflict between what is commonly called constancy and what we 
have been calling classical contrast. 

12. The reversals afford new evidence of the importance of field 
conditions, and they support the view that ‘constancy’ cannot be 
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explained in terms of illumination or shadow effects perceived as 
such, but must be referred to more general principles of pattern 
and set. 


(Manuscript received June 9, 1942) 
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LEVEL OF ASPIRATION AS A METHOD 
OF STUDYING PERSONALITY! 


BY JULIAN B. ROTTER 


Norwich State Hospital, Norwich, Conn. 


II. DEVELOPMENT AND EVALUATION OF A CONTROLLED METHOD 2 


A recent trend in the testing of personality has been away from 
the inventories, towards more dynamic, behavioral methods. The 
level of aspiration technique has been one such approach that has 
aroused considerable interest. | 

Although differing among themselves, experiments concerned with 
level of aspiration have in common a specific, basic procedure. A 
subject is confronted with some task and either before or after prac- 
tice he is asked to make a statement of how well he will do on the 
task. After failure or success in reaching this explicitly set goal he 
is asked to make another estimate. This may be repeated several 
times. ‘Through this procedure it is possible to study, fairly objec- 
tively, the effect of success and failure on the explicitly set goals 
of an individual. 

Unfortunately, a great deal of research, although showing the 
significance of certain social factors, has not yielded any definite 
results which would relate stable, specific personality variables to 
responses in this situation. The first article of this series (6), a 
critical review of the literature, points out several uncontrolled con- 
ditions in previous studies. This review (p. 472) concluded that: 

** All in all, in every level of aspiration situation the nature of the 
situational factors and certain individual ‘personality’ factors inter- 
act to determine the response. However, little or nothing is known 
about the stability or nature of these personality factors. 

“In order to determine the nature of these personality variables 
it would be necessary to develop instructions that are not easily 
misinterpreted by the subject and in which previous experience with 
the task is controlled. It would also be necessary to examine all 
aspects of the individual’s response, rather than limiting a descrip- 
tion only to the difference between the expressed and achieved goals.”’ 


1 This article forms part of a dissertation submitted to the faculty of the Graduate School 
of Indiana University in partial fulfillment of the requirements for the degree, Doctor of Phil- 
osophy. I am indebted to Dr. C. M. Louttit, who directed the dissertation, and to Mr. David 
Shakow, Chief Psychologist at the Worcester State Hospital, who gave much aid and encourage- 
ment in the initial stages of this investigation. 

? Read in part before the American Psychological Association, September, 1940. 
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The purpose of the present study was to develop and evaluate an 
optimum method to discover those stable, individual personality 
factors, if any, which operate in the level of aspiration situation, fol- 
lowing the suggestions for a controlled procedure given above. The 
instructions, task, and measures studied will be discussed separately. 


I. Metuop 


A. Selection of Instructions 


In attempting to find satisfactory instructions, preliminary work was done with ten subjects 
using dart throwing as the task. Each subject made about ten trials with two sets of instructions 
and the results for the two different kinds of instructions were compared. The subjects were 
later interviewed to determine how they interpreted the instructions. In this way four different 
instructions were compared. ‘These were: (1) What do you expec’ to get next time? (2) What 
score will you try for next time? (3) What do you think you will get next time? (4) The instruc- 
tions of Hausmann (4). (These emphasize accuracy by penalizing for falling below one’s estimate 
and giving no credit above the estimate.) It was found that subjects not only interpreted the 
above instructions differently but they also showed variations in the manner in which they 
interpreted the same instructions, with the exception of the instructions previously used by 
Hausmann. 

The ideal set of instructions could not expect to eliminate the difference between explicit 
and implicit goals but simply to avoid misinterpretation on the part of the subject and to have 
all subjects approach the problem of estimate of future scores with a clear idea of what is expected 
of them. The subject need not follow the instructions but his deviation from them can only be 
significant if we are sure that he has understood them to mean what we assume they mean. A 
slight modification of the instructions of Hausmann alone, of the four tried, seemed to fit this re- 
quirement. Gould (3), at the time that this preliminary work was completed, published a paper 
substantiating the criticism of the other instructions but rejecting Hausmann’s instructions on 
three a priori grounds. (1) They may tend to reduce individual differences toa minimum. (2) 
The subject may only feel success when he makes his exact goal. Scoring over this can be con- 
sidered as a failure. (3) Whatever individual differences do occur are rather an index of the 
subject’s poor judgment than of basic personality trends. Preliminary work did not substantiate 
any of these criticisms. These instructions were used and methods for experimentally testing the 
validity of all three criticisms were included in the procedure. 

The actual instructions used were: 


‘This is a test of motor control. The idea is always to aim fortheten. Your score will 
depend on how close to the ten you come. You will be given a series of trials in which you 
should try to get as high a total score as possible. Before you start each trial, however, you 
will have to tell me the score you expect to get and you will not be credited with anything 
over that score. If your score is lower than your bid, then the score you will be credited 
with will be two points off your bid for every point you fall below in your actual score. For 
example, if you say you will score 15 and score 20, for the five trials, you will only get credit 
for 15; if you say 15 and score 10, then you will only get credit for 5. You can see that once 
your bid is made it is always to your advantage to score as high as possible.” 


B. Selection of the Task 


If one is attempting to hold the situational factors as constant as possible, particularly at- 
tempting to hold the influence of the actual level of performance to a minimum, an analysis of 
the literature, consideration of all the purposes of the study, and preliminary work point to several 
criteria for the selection of the task. (1) The most important of these is that the task be novel 
so that the subject can have no idea of how other people score nor can he have built up previous 
attitudes towards his ability with the specific task. (2) The task should not be so easy or so 
difficult that any individual would feel himself at one or the other extreme of talent without 
having any immediate comparison with others. (3) Performance scores for all subjects should 
occupy a fairly narrow range just above the middle of the distribution of possible scores. (4) It 
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would be necessary to find a task interesting enough to guarantee sustained and uniform attention 
so that it would be possible to have a sufficient number of trials for adequate quantitative results. 
(5) Performance scores should be variable enough so that the subject can only gage his score 
approximately and is unable to avoid the conflict of whether to go up, down, or stay at the same 
level merely on the basis of a very stable score. (6) Similarly, the learning factor should be 
negligible so that the subject may not avoid the conflict simply by assuming a regularly increasing 
ability. (7) Finally, with a view toward use of this technique for general experimental and 
clinical purposes, general convenience, and adaptability to a wide range of age groups should 
be considered. 

Dart throwing, although having a high interest value and other advantages, has the dis- 
advantages of being familiar to some subjects and inconvenient for some clinical uses, particularly 
for use with psychotic patients. Another task, therefore, was devised which appeared to fit all 
the criteria. The apparatus for this task is shown in Figs. 1 and 2. 


Fic. 2. View of the aspiration board with subject poised to roll the steel bearing.* 


The board shown is of pine wood, 38 inches long with a square groove down the center. 
A steel ball is hit along the groove by a stick resembling a miniature billiard cue. Regularly 
spaced depressions preceding the numbered units and also one placed in the center of each num- 
bered unit slow down the speed of the ball and provide a resting place for it when it comes to a 
stop. Thescore is dependent upon how closely to the central unit the ball comes to rest regardless 
of the direction. The central unit, painted in white with the black number ten on it, counts 


* In actual practice the subject is seated before the apparatus. 
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10 points. The ones on either side count nine points and soon. The other units painted alte: 
nately blue and gray decrease to a value of 1 point. 

In order to stabilize the scores somewhat, aspiration estimates were made for a group of fiy: 
trials. “lhe subject was given from fifteen to twenty-five practice trials, the number necessar\ 
for him to reach a somewhat flattened learning curve. Difficulty of the task could be controlled 
by adjusting the angle of the board in relation to the table it rested upon. Once set at the desired 
level the board was maintained at that level throughout the course of the entire study. 

Although not of immediate interest to this study, the task also had the advantage of beiny 
readily adapted to control of success and failure by the experimenter. ‘This adaptation has beer, 
reported in a paper by Rotter and Rodnick (5). In this apparatus the angle of the board was 
regulated by the use of a mechanical series of levers controlled by a foot pedal hidden under the 
rug. ‘lhe movement of the board was not detected by the subjects as it was gradual and hidden 
by side supports. In this way it was possible to control the score within relatively narrow limits. 


C. Test Measures 


The work to date on level of aspiration has leaned very heavily on a single score, one that 
gives in one way or another some mathematical representation of the difference between the 
subject’s estimates and his performances. However, there are many other ways of approaching 
the results and one of the purposes of this investigation is to evaluate the significance of some 
of these. 

With the first group of fifty subjects 25 estimates were made by each subject. Later groups 
made 20 trials. With such a large number of trials, possibilities of numerical treatment of the 
results are unlimited. This study attempts to evaluate several measures indicating the relation- 
ship between estimates and performance, a measure of stability of estimates, scores indicating the 
nature of changes in estimates following success and failure, and, in a later article, one which takes 
into consideration the full pattern of the response. 


D. Ceneral Procedure 


‘The general procedure for all groups was as follows: (1) The subject was told simply to try 
to hit the ball so that it would stop at ten and to go ahead and practice for a while. (2) After 
15 to 25 practice trials the subject was given the instructions toread. After the subject had read 
them, the experimenter went over the instructions verbally, giving as many examples of the 
scoring as was necessary to be sure the subject fully comprehended them. (3) If the subject 
inquired, he was told he could change his estimate as many times as he wished or could keep it the 
same all the time. (4) When the subject made his estimate, this was written down. ‘The score 
for the five trials was written trial by trial, added, and the number of credits calculated. ‘The 
credit score, not the actual performance score, was then written in large numerals where the sub- 
ject could see it. (5) The instructions were not repeated after the first trial, the experimenter 
saying at the first regular trial, “‘ You tell me each time what you are going todo.” If the subject 
failed at any point to make an estimate before hitting the ball, he was stopped, reminded and the 
fact of his forgetting noted down. All spontaneous comments and exclamations were noted. 
(6) In Group I 25 trials of five hits apiece were given. In all the later groups 20 were given. In 
all cases a short rest was given when midway through the test. The usual time for the 20-trial 
test, including practice, was from 20 to 25 minutes. (7) All subjects were pledged not to discuss 
the test with anyone else. 

Including all groups, 205 subjects were used in the study. 


II. Susrects AND SPECIAL PROCEDURES FOR THE DIFFERENT Groups 


Group I 


This group was used largely for exploratory purposes. The main intent was to determine 
whether or not the instructions and task fulfilled the criteria described earlier and avoided the 
a prioricriticisms of Gould. A second function of this group was to test out the possible usefulness 
of certain measures and to determine their reliability. ‘There were 22 male and 28 female subjects, 
all adults. 

‘The men ranged in age from 21 to 56 with a mean age of 27.8. They were all hospital em- 
ployees ranging in occupation from attendant to psychiatrist but the group was heavily laden 
with attendants. Of the 22 men 18 were attendants. 


ne? 
ot 
: 
| 


LEVEL OF ASPIRATION 415 


The women subjects ranged in age from 20 to 28. The mean age was 22.4. This group was 
heavily weighted with 16 nursing afhliates. 

At the conclusion of the first test the entire 50 subjects were given, in addition to the regular 
aspiration procedure, three tests designed to determine their judgment. These were the Healy 
Picture Completion II, the Intermediate form of the Otis Self-Administering test of General 
Intelligence and two sections of the Alpha Common Sense Test. 

At the end of one month all the subjects who were still available were retested. This in- 
cluded 32 of the original 50 cases. At the conclusion of the second test they were questioned 
about (1) the meaning of the instructions, (2) what they thought the test tested, (3) experiences 
of success and failure, (4) interest and involvement. 


Group II 


This, and the following groups were selected for special validity studies, which will be re- 
ported later, and were subject to additional procedures. Only a brief description of them is 
given here. 

Group II consisted of 45 college students, 23 males and 22 females. The male subjects 
ranged in age from 18 to 30, with a mean age of 21.3. The female group ranged from 18 to 30 
years with a mean age of 21.9. The subjects consisted of one whole class and parts of two other 
classes in clinical psychology. 


Group III 


Group III was made up of 21 crippled students attending college. These were selected from 
another experiment investigating college cripples as a group. Some were obviously deformed; 
in others the crippling was barely noticeable. There were 11 males and 10 females. The age 
range for males was 19 to 24, mean 21.2; for females it was 18 to 26, mean 21.1. 


Group IV 


Nine other subjects who are used in later validity studies were not included in any other 
group because of wide age differences, color differences, or ambiguity on the question of crippling. 


Group V 


Group V consisted of 80 male inmates of the Indiana State Penal Farm. These subjects all 
had short sentences, were white, from 16 to 35 years of age, and were all of average or better in- 
telligence, as shown by the Henmon-Nelson Group Intelligence Test. Seventy-three of these 
were divided into three sub-groups upon the basis of personality characteristics. As these groups 
will be dealt with in some detail in a following article, reliability estimates will be reported for 
each sub-group. 


VI. REsuLTs 


A. Evaluation of the Instructions 


By correlating the scores of the three tests of judgment taken by 
Group I plus a composite score based on the subject’s standing in all 
three tests with the two measures given below, it was possible to 
determine the validity of Gould’s (3, p. 10) criticism of the instruc- 
tions that ‘whatever individual differences do occur are rather an 
index of the subject’s poor judgment than of basic personality trends.”’ 

The first measure gave the mean of the differences between the 
estimates and the preceding performance, regardless of sign. ‘The 
second gave the difference between the mean aspiration and the mean 
achievement. None of the resulting eight coefficients showed any 
significant relation between the marked individual differences found 
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and the measures of ability on judgment tests. The correlation 
coeficients ranged from .Ir to —.25; the median coefficient was 
—.05. On all measures the spread of scores was as wide as that in 
data reported for previous studies and there was no evidence that 
individual differences were reduced in any way. 

Thus far it appears that two of Gould’s objections to these in- 
structions are invalid. ‘There remains to be considered the problem 
of scoring over one’s bid. Interviews with the subjects of Group I 
at the end of the experiment indicate that when the subject scored 
over his bid he experienced a definite satisfaction in that he had made 
his contract, although if the actual performance was well over his 
bid the feeling of satisfaction was accompanied by some feeling of 
regret for not having bid higher. Success in daily life, however, is 
of the same nature, so that this technique may indicate how the 
individual reacts to the culturally defined successes and failures of 
daily life rather than some implicit ‘pure’ feeling of success which 
may not exist at all. 


B. Evaluation of the Task 


These same interviews, as well as observation of verbal and non- 
verbal behavior in the situation showed that the task had high in- 
terest value for all subjects and, with very few exceptions, the ego 
involvement in the task was deep. The ‘aspiration board’ is con- 
venient for clinical use. It can be carried easily, set up anywhere, 
and is applicable to a wide age range. 

In order to discover whether or not this was a novel task and 
whether the subject was bringing socially set standards into the test 
situation, it was necessary to determine whether or not the absolute 
level of performance was influencing the behavior in the situation. 
This was done by correlating the absolute level of performance with 
the mean of the differences between each estimate and the preceding 
performance (this, or a similar score, has been used as the chief 
measure in previous studies involving the level of aspiration tech- 
nique), and also with the number of successes, for each subject. The 
latter score was used as it was reasoned that if subjects with higher 
performance do not actually succeed more often, there is little basis 
to believe that the absolute level of achievement is having any 
influence. 

These correlations were determined for the 50 subjects of Group I 
and also for the 155 subjects of Groups II through V._ The resulting 
four correlations, shown in Table 1, were all quite small. Only one 
(the largest coefficient shown in Table 1) was slightly greater than 
three times its probable error. There was no indication that the 
low r’s were due to a curvilinear relationship. 
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TABLE 1 


RELATION OF PERFORMANCE TO THE DIFFERENCE SCORES AND THE NUMBER OF SUCCESSES 


N r between Performance r between Performance 
and Difference Score and Successes 
155 — .24 15 


Following the practice trials, learning was at a minimum. In 
Group I, where 25 trials were given, the average performance for 
the Group for the first ten trials was compared with the average for 
the last ten. This difference was only .66 of a point. The trial by 
trial learning was analyzed for the last 155 subjects, Groups II-V, 
who used the 20 trial test. Here the difference between the first 
ten and last ten trials for the whole group was only .84 of a point. 
The average score is given for each trial in Table 2. It will be noted 


TABLE 2 


AVERAGE PERFORMANCE Scores FOR Groups II-V ror Eacu Triat (155 SuBjects) 


Trial Performance Trial Performance 
I 25.1 II 28.0 
2 26.8 12 28.9 
3 27.8 13 28.7 
4 27.2 14 28.3 
5 28.0 1S 29.3 
6 28.0 16 28.1 
7 28.3 17 28.1 
8 28.7 18 28.3 
9 28.1 19 27.5 
10 28.0 20 29.2 
Average, first 10 trials = 27.60 Average, second 10 trials = 28.44 


Average, all twenty trials = 28.07 


that practically all of the little learning that took place occurred in 
the first four trials. 

For the entire group of 205 cases the average performance was 
28.05. The S.D. of the average performances for all subjects was 
3.63 and the range was 17 to 36. Eighty-five percent of the cases 
were included between the performance levels 23 and 32. It is evi- 
dent that there was little difference in the height of performance 
level for the subjects of this investigation. Almost all performance 
scores were concentrated at a level slightly above the middle of the 
distribution of possible scores. 

Although learning was at a minimum in the situation, there was 
for each individual subject considerable variability from trial to 
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trial, so that the possibility of having to change his estimate always 
existed. The median S.D. of the individual S.D.’s for each of the 
50 subjects in Group I was 6.25. 

From these results it appears to be clear that this task fits to a 
very high degree the seven criteria outlined previously as necessary 
to provide optimum conditions to study the personality variables 
entering into the individual differences in level of aspiration situations. 


C. Evaluation of Scores 


Early studies have taken as their main measure the difference 
between the average aspiration and the median or average per- 
formance. It appears somewhat more meaningful psychologically, 
insofar as the object of study is the effect of success and failure on 
estimates of ability, to use a figure obtained by taking the mean of the 
differences between each performance and the following estimate. ‘Test- 
retest reliability shows this latter measure to be slightly more reli- 
able. This score will be referred to throughout the rest of this study 
as the D-score. 

Clinical judgment indicated that the frequency of shifts or changes 
in the height of the estimate (similar to Frank’s (2) measure of 
‘rigidity’) had a significant relationship to basic personality trends 
of the subjects. It was important, therefore, to determine whether 
or not this measure was being influenced by the variability of the 
performance. ‘The frequency of such shifts was correlated with the 
S.D. of the performance for each of the 50 subjects in Group I. No 
relationship was found between these factors. ‘The correlation ob- 
tained was less than twice its probable error. 

Also shown to be of major importance is the nature of the changes 
following success and failure. This was recorded for all subjects. 
“Does the individual keep at the same level after success?,”’ ‘‘ Does 
he invariably go down after failure?”’ appear to be important 
questions. 

The presence of unusual shifts, down after success and up after 
failure, appears to be of considerable clinical significance. These 
shifts cannot be treated in group statistical comparisons, however, 
because of their infrequent appearance. Less than half of the sub- 
jects showed any such shifts. When they were present at all, they 
had a significance that varied with the condition in which they arose. 

A shift down after success had a different interpretation than a 
shift up after a failure. It also made a difference if it occurred in 
the beginning of the series of trials when the subject, in a sense, was 
still feeling his way, or in the latter half of the test. The same in- 
terpretation did not always apply if such shifts occurred when the 
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subject’s achievement was considerably different from his previous 
estimate or quite close to it. 

The standard deviations of the aspiration estimates, the achieve- 
ment scores, and the differences between performance and the fol- 
lowing estimate were obtained for each subject in Group I, but not 
having any immediate applicability to the variables studied, they 
were not used further. 

The frequency of successes (the number of times the subject 
reached or exceeded his estimate) gives roughly the same information 
as that given by the difference score and in later comparisons it 
almost invariably gave the same results as shown by using the D- 
score. Sometimes, however, differences were less marked. To avoid 
unnecessary repetition the figures giving the frequency of successes 
were dropped in later comparisons of groups. The correlation be- 
tween the frequency of successes and the height of the D-score was 
was .go for the 50 cases in Group I, and .88 for the 155 cases in 
Groups II-V. A later article in this series will be devoted entirely 
to a consideration of the results in terms of whole patterns of response. 


D. Reliability 


It is extremely difficult to obtain a real measure of the reliability 
of the scores used. ‘Test-retest reliabilities are particularly handi- 
capped in that the first test introduces a standard for the second test 
and estimates in the second test are based on this standard. It 
would also be expected that if enough trials were given, eventually all 
subjects would make a greater and greater adjustment of their esti- 
mates to their performance but they would differ in the rate of this 
adjustment. This trend was clearly to be seen. The retest then 
cannot be considered a repetition of the first test but to a large extent 
a new situation. Odd-even or split-half techniques are not wholly 
applicable. These statistical methods were not designed for use with 
a task where the items are not discrete but each response depends 
upon the preceding one. 

The major difficulty in applying such techniques with this task is 
that of patterning. One subject may fail, lower his estimate; suc- 
ceed, raise his estimate; fail, lower his estimate, and so forth, for 
several trials. In such a case for all the odd trials the difference 
between performance and following estimate might be negative, for 
the even trials high and positive. Another subject might do the 
same thing but not shift his estimate until he had failed twice or 
succeeded twice. A split-half technique offers even greater difficulty 
due to differences in rate of adapting estimates to performance, as 
well as occasional complete changes during the course of the test of 
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the pattern of behavior being exhibited. In spite of these difficulties 
the odd-even technique probably gives a better approximation of the 
reliability of measures than does the test-retest. 

Nevertheless, it is interesting to see the relative consistency of 
different measures in a test-retest situation. These measures are 
based on the 32 subjects of Group I who were available for retest 
after a period of one month and are given in Table 3, along with the 
odd-even reliabilities. 


TABLE 3 


RELIABILITY MEASUREMENTS FOR Group [| 


Test-Retest (N = 32) 


Reactions following si success and failure .56* 
Odd-Even (N = 50)f 


* Intra-Class correlation. 
t Corrected by Spearman-Brown prophecy formula. 


In spite of the inadequacy of the test-retest measurement a cer- 
tain amount of stability and consistency in the basic pattern of the 
response is shown by these coefficients. In order to determine the 
reliability of the changes up, down, or same, following success and 
failure, intra-class correlations (1) were obtained. ‘These have the 
advantage of being readily changed to z scores, then averaged and 
changed back to a correlation. Six such correlations were obtained 
for the number of times the subject went up in his estimate, stayed 
the same, or went down after success and after failure. The coefh- 
cient .56 is obtained by changing the mean of the scores, for these 
six correlations, back to a correlation coefficient. The number of 
times the subject shifted his estimate was even more stable. Fre- 
quency of successes (number of times the subject reaches or passes 
his estimate) was more consistent in the test-retest figure than the 
D-score but less so in the odd-even coefficient where it was markedly 
affected by patterning in several cases where the subjects controlled 
their estimates in such a way that they managed to succeed every 
other trial. 

Odd-even reliabilities for the frequency of shifts and for the D- 
score, the figures used mainly in the group comparisons to follow, are 
shown for the other groups in Table 4. These are based upon the 
shortened test of twenty trials. 
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TABLE 4 
Opp-Even RELIABILITY MEASUREMENTS FOR Groups II-V * 

Group N D-Score Shifts 
23 85 .70 
22 82 75 
21 .73 72 


* Corrected by the Spearman-Brown prophecy formula. 


These coefficients are not to be taken as true values of the reli- 
ability of measures. They are given only insofar as they may 
roughly suggest the true measures. The value and utility of these 
measures can only be determined by studies of the validity of the 
differences that appear in them. 


VII. Summary AND CONCLUSIONS 


In an attempt to devise a level of aspiration technique which 
eliminated uncontrolled factors present in earlier studies, and which 
provided optimum conditions for the study of individual personality 
variables operating in the situation, a modified form of instructions 
originated by Hausmann and a simple but novel motor task were 
tested with 205 subjects. 

These instructions were fairly successful in eliminating the possi- 
bility of misinterpretation upon the part of the subjects without 
involving judgment as a factor in the subject’s reaction or reducing 
the extent of individual differences. 

The task creates a great deal of interest, does not appear to be 
influenced by performance level, shows little learning after a short 
initial practice period, and appears to be free of attitudes and stand- 
ards resulting from previous contact with this or a similar task. The 
task also allows for a large number of trials, providing adequate 
quantitative results, in a relatively short time. Several scores which 
attempt to represent the subject’s full pattern of response appear to 
be reliably measurable. 

Later studies in this series will describe attempts to determine 
the nature and stability of the personality traits which enter into the 
wide individual differences that appear in this level of aspiration 
situation. 


(Manuscript received May 7, 1942) 
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VISUALLY CONTROLLED LEARNING AS A FUNCTION 
OF TIME AND INTENSITY OF STIMULATION 


BY WALTER S. HUNTER 


Brown University 


INTRODUCTION 


The study by Hunter and Sigler (2) demonstrated that the span 
of visual discrimination is a function of the time and intensity of 
stimulation and that the Bunsen-Roscoe Law (/-t = C) holds within 
limits for any constant span less than 7 dots. The present investiga- 
tion extends the same approach to a problem in the field of learning. 
In the span of discrimination we seek to determine the subject’s 
ability to reinstate learned responses to various numbers of stimuli 
presented for specific intervals of time and at measured intensities. 
Except for the practice period, there is no learning with respect to 
the essentials of the problem. The subject has already formed the 
stimulus-response connections required of him and must now only 
reinstate the ones called for by the stimuli presented. In the present 
experiment, also, the subject has previously learned to make the 
individual responses called for by the instructions and the stimuli, 
v1z., reporting the number of dots seen. However, he is now shown 
the dots repeatedly for specific intervals of time and at specific in- 
tensities until he has learned for the moment the exact number of 
dots presented. One can then say how many presentations are 
necessary for a correct report. In contrast to this, the span of dis- 
crimination experiment determines the number of dots reported cor- 
rectly 50 percent of the time when no set of dots is presented twice 
in succession. 


APPARATUS AND METHOD 


The present experiment utilized the Hunter-Sigler apparatus. The light source was a 500- 
watt Mazda projection bulb placed in a light proof box and run at 110 v. direct current regulated 
by a rheostat and measured with a voltmeter placed on the experimenter’s table. The light from 
the bulb was focused on a metal slit 0.125 in. wide. Beyond the slit was a holder for the Wratten 
neutral tint filters used in regulating the intensity of the light. Measures of the full intensity 
were made in the subject’s room with a Macbeth Illuminometer, and lower intensities were 
calculated from the transmission values of the filters. Between the filter-holder and the stimulus 
plate there was a cardboard tube which excluded all stray light. The exposure device was made 
of a synchronous motor (81 r.p.m.) carrying an aluminum disc 30 in. in diameter. An adjustable 
slit in the disc allowed the light to pass to the filter for the two time intervals here utilized, viz. 
8msand32ms. During any one experimental session, the motor ran continuously and a noiseless 
hand-operated shutter was used to allow the light to pass or not to pass through the slit. Since 
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one complete rotation of the disc required 740 ms, each two exposures of 8 ms were separated by 
a dark interval of 732 ms and each two exposures of 32 ms were separated by 708 ms. 

A stimulus plate was made of two layers of clear glass between which was a thin sheet of 
translucent tracing paper on which the dot or dots were placed. Each dot was 0.125 in. in diam- 
eter, subtending a visual angle of 3.32 min and was drawn solid with India ink. Stimulus plates 
contained from 1-18 dots. Five different patterns were made on § different plates for each 
number of dots. The principle followed in the arrangement of the dots was as follows: The 
required number of dots for a given plate were placed irregularly at distances of 0.5, 0.75, or 1.125 
in. from the center of the plate. No two dots were closer together than 0.125 in. The total area 
on which dots appeared was 58 min visual angle, well within the rod free area of the fovea. When 
a plate was used it was placed in the holder flush with an opal glass that divided the experimenter’s 
room from that of the subject. An exposure thus presented the subject with an illuminated field 
on which dark dots appeared. 

During the experiment the subject sat in a dark cubicle at a distance of 11 feet from the 
stimulus field which he viewed with both eyes through a steroscopic hood (minus the lenses) 
arranged asahead rest. The stimulus field was a circular area of 1.75 in. radius, 1.5° visual angle. 
A white painted circle around the stimulus area was illuminated from the sides with faint lights 
hidden from the subject’s direct vision. This circle served to outline the stimulus area as a fixa- 
tion point both before exposures began and between exposures. 

Only one subject was used in the experiment. She had served throughout the Hunter-Sigler 
experiment and was thoroughly trained and highly consistent in her reports. It should be said 
that in spite of her long practice she never reached a point where she could identify the number 
of dots on a plate from any peculiarities of their patterns although they all finally looked familiar. 
The subject was instructed as follows: “The object of this experiment is to determine how many 
times in succession you must be shown a given number of dots in order to be able to report exactly 
how many dots there are. You are to report, in so far as possible, after each exposure until you 
are certain of the correct number. At the ready signal fixate the center of the illuminated circle. 
Approximately 2 sec later, the stimulus series will begin. Keep your eyes on the center of the 
field and report only the number of dots you are certain you see.” 

In beginning the work of any one 50-minute experimental session, the subject was given § min 
dark adaptation, which was adequate for the fovea at the stimulus intensities used. With ex- 
posure times of 8 ms, stimulus intensities of 1.06 ml, 2.13 ml, 4.25 ml, and:'8.5 ml were used. With 
an exposure time of 32 ms, only the intensity of 0.43 ml was used. With each time and intensity, 
25 separate determinations were made of the number of successive stimulations required for a 
correct report of each number of dots from 1-18. These determinations were made at the rate 
of 4-8 per session in each number of dots until the total of 25 determinations was reached. The 
dot plates were used in an irregular order. Work was begun with the 8 ms interval and was 
completed successively for the first three intensities. Measurements were then made at 32 ms. 
After this a month was devoted to reaction time measurements to be reported below. There 
then followed the measurements with 8 ms and 8.5 ml. At the close of this work further services 
of the subject were unfortunately not available. Since no other highly trained subject was 
available, it was thought better to terminate the experiment than to complicate the picture with 
individual differences by using a new subject for additional times and intensities. 


EXPERIMENTAL RESULTS 


Table 1 shows the average number of exposures required by the 
subject in order to report the correct number of dots presented with 
an exposure of 8 ms and 4 different intensities and with one intensity 
at 32ms. ‘These data are plotted in Fig. 1. Fig. 2 is a plot of num- 
ber of dots against the logarithm of number of exposures necessary 
for learning. ‘The values in Table 1 for number of exposures are in 
reality measures of the total exposure time for learning (number of 
exposures X 0.008 or X 0.032). 
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TABLE 1 
AVERAGE NuMBER OF Exposures REQuIRED FoR Correct REPORT 
8 ms 32 ms 
No. Dots 
1.06 ml 2.13 ml 4.25 ml 8.5 ml 0.43 ml 
I I 
2 1.5 I 

3 1.7 I 1.1 
4 2.5 1.1 1.4 
5 2.6 1.2 I I 1.9 
6 2.9 1.5 I I 2.2 
7 4.0 2.8 I 1.1 2.2 
8 4.4 3.6 1.3 1.6 3.2 
9 5.6 4.1 2.0 2.5 4.5 
10 6.0 4.8 3.2 3.1 5.0 
II 7.8 5.6 4.1 3.5 6.5 
12 8.6 5.6 4-4 3.8 7.2 
13 11.2 8.1 6.8 5.5 9.7 
14 11.6 8.8 6.2 4.9 7.9 
15 18.7 10.8 8.8 8.0 11.7 
16 17.8 13.8 11.0 8.8 13.3 
17 17.0 14.0 12.7 10.6 14.2 
18 19.2 16.0 13.7 11.8 14.4 


For a proper evaluation of Table 1 several points must be con- 
sidered. (1) The number of exposures for reporting 16-18 dots at 
1.06 ml, 17-18 dots at 2.13 ml, and 17-18 dots at 0.43 ml are too 
small by undetermined amounts due to the fact that the subject 
often failed to report the correct number even after 20 presentations. 
After from 20-25 presentations, the subject almost always became 
confused and was unable to continue a systematic report without 
beginning all over again, which was not permitted. At these points 
therefore high values in the distribution were unavailable and the 
averages are too low. (2) The records for small numbers of dots are 
affected by the span of discrimination. In terms of Hunter and 
Sigler’s Fig. 3, the span for 8 ms at 1.06 ml is 2 dots; for 8 ms and 2.13 
ml, 7 dots; for 8 ms and 4.25 ml, 8 dots; for 8 ms and 8.50 ml, 8 dots; 
and for 32 ms and 0.43 ml, 2 dots. In spite of the differences of 
method involved, these values agree reasonably well with those in 
Table 1 showing the number of dots learned in less than 2 exposures. 
(3) Statistically the records for 1.06 ml, 2.13 ml and 4.25 ml are 
reliably different one from the other as determined by checking the 
significance of the differences between the averages for 8, 11, and 18 
dots. From points one and two above it follows that the lawful 
trend of the data must be looked for in the areas unaffected on the 
one hand by the threshold and on the other hand by the failure of 
the subject. This is further emphasized in Figs. 1 and 2. 

Table 1 and Fig. 1 show that the time required to learn a given 
number of dots is a function of the time and intensity of stimulation. 
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Fic. 1. Plot of the data of Table 1 showing the average number of exposures necessary to learn 
a given number of dots at various exposure times and intensities. 
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Fic. 2. Reading from left to right the graphs are for 8 ms, 4.25 ml; 8 ms, 2.13 ml; 8 ms, 
1.06 ml; 32 ms, 0.43 ml (moved 0.5 log units to the right); 8 ms, 8.50 ml (moved one log unit to 
the right); and median reaction time for various number of dots at 0.043 ml. 
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The lower the total energy of stimulation (/-t), the larger the number 
of exposures required to learn. This creates the expectation that 
the Bunsen-Roscoe Law may hold in the area of learning as an indica- 
tion of a peripheral factor affecting improvement. The nearest ap- 
proach to a direct test of this in the present results is found at 8 
ms-2.13 ml and 32 ms-0.43 ml. The product of time and intensity 
in the former case is 17.04; in the latter case, 13.76. Table 1 and 
Fig. 1 show that the records for these two energy values are essen- 
tially identical and that they are markedly different from the records 
for the other energy values. It is also to be noted that an increase 
in intensity from 4.25 ml to 8.50 ml fails to decrease the learning time 
for groups of 5—10 dots, but it does decrease the time for more than 
10 dots. Further changes in this direction might be expected with 
still higher intensities as the upper limit of intensity effects is reached. 

Fig. 2 plots number of dots against the logarithm of the time nec- 
essary to learn, where time is taken as the number of exposures 
without multiplication by the duration of the exposure. In each 
case the plots can be fitted with a straight line indicating that the 
number of dots learned is a function of the log of learning time. 
Furthermore, the rate of increase in time, 1.¢., the rate of increase in 
difficulty, is the same for all four conditions. For a constant ex- 
posure time of 8 ms, doubling the intensity shifts the graph approxi- 
mately o.1 log unit to the left, except at the highest intensity where 
the shift is somewhat less. (For purposes of clarity the graph for 32 
ms is shifted 0.5 log unit to the right and the graph for 8.50 ml is 
shifted one log unit to the right.) 

Fig. 2 also contains a plot of number of dots against the logarithm 
of the median reaction time for that number of dots. In making 
the reaction time measurements, a single illumination of 0.043 ml 
was used where, according to the Hunter-Sigler data, an exposure 
time of approximately 300 ms would be necessary for a span of 1 dot 
and 2000 ms would be necessary for a span of 8 dots. In this experi-_ 
ment the exposure device was so arranged that, when it was opened 
by the experimenter, a Standard Electric timer reading in 10 ms units 
was started. When the correct number of dots was reported by the 
subject, the exposure was terminated and the experimenter recorded 
the reaction time to the nearest 10 ms; but, with the larger numbers of 
dots, the exposure was continued somewhat longer than the reaction 
time in order not to provide the subject with a specific cue to the 
correct response. The subject was instructed to report aloud the 
total number of dots seen, changing his report as necessary during an 
exposure. Thus with an 8-dot plate, the subject might report 2, 4, 
7, 8, the reaction time being taken for the final digit. “Twenty-five 
reaction times were taken for each number of dots from 1-18. The 
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subject was dark adapted as in the earlier learning experiment. 
Although the times secured include the reaction time of the experi- 
menter (which was really a complication perception of the moving 
clock hand and the report of the subject), this latter may be regarded 
as sufficiently constant to have had no serious effect on the trend of 
the data. An examination of the reaction time graph in Fig. 2, 
where the times go from 1.1 sec. for 1 dot to 7.6 sec. for 18 dots, 
indicates that the graph has the same slope as those for learning with 
successive exposures. Although the crude scores are different in the 
two cases, the functional relationship between time and number of 
dots is of the same general character. 

In 1897 H. C. Warren (4) published a study of the reaction time 
of counting. Diffuse daylight illumination was used with from I to 
8 white 5 mm squares § mm apart on a black background and with 
the subject seated 3 m distant. When Warren’s data (his Table 2) 
are plotted number of dots against log average reaction time, the 
graph is linear but the slope is less than that in the present experi- 
ment. There is no doubt in either case but that the number of dots 
seen is a function of the log of exposure time. 

E. V. Fehrer (1) has shown a relationship between exposure time 
and the number of repetitions necessary to learn to draw single visual 
forms which is linear between log exposure time and number of repeti- 


syl 


lO 


L 
IS 2.0 25 30 


log t 


Fic. 3. The data of Robinson and Heron (their Fig. 1) replotted to show the relationship between 
amount of material learned and the log of learning time. 
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tions. There is a progressively increasing difficulty of learning as 
exposure time is decreased. This finding is in harmony with the 
implications of the present study. It is a correct inference that had 
the experiment with 32 ms exposure been performed also at one of 
the illuminations used at 8 ms, the number of exposures required at 
32 ms would have been much less than at 8 ms. 

The present problem is closely related to that of the relationship 
of learning time to the amount of material to be learned. One of the 
best studies of this topic is the one made by Robinson and Heron (3) 
using nonsense material. Fig. 3 is a graph of their data. The curve 
is of the same type found in the present study with the number of 
syllables mastered a function of the log of time. It should be noted 
that the value for 18 syllables departs from the curve as happened 
also with the larger amounts of material used in the present study. 


CONCLUSIONS 


1. An increase in the amount of material to be learned, 1-18 dots 
presented visually, results in a linear increase in the log of number of 
presentations required, when each presentation is 8 ms or 32 ms long. 
Deviations from this relationship occur significantly only where the 
results are affected by the span of discrimination threshold and by 
the subject’s failure to learn with large numbers of dots. 

2. Decrease in intensity of stimulation with a constant exposure 
time increases the number of presentations for learning 1-18 dots but 
does not alter the slope of the curves relating number of dots to the 
log of learning time. 

3. There is evidence that the Bunsen-Roscoe Law (/:-t = C) holds 
in the area of learning, thus indicating the presence of a peripheral 
factor influencing improvement in performance. 

4. Measurements of reaction time for the identification of 1-18 
dots give a linear relationship between number of dots and log re- 
action time, with the same slope found in the learning experiments. 

5. The rate of increasing difficulty of response, as the amount of 
material to be learned or to be reacted to increases, is constant and 
is unaffected by the time and intensity of stimulation, within the 
limits of the present experiment. 


(Manuscript received June 15, 1942) 
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A STUDY OF REACTION TIME USING 
FACTORIAL DESIGN * 


BY BRENT BAXTER 


Ohio State University 


Most of the earliest studies in reaction time dealt either with the 
estimation of the speed of reaction to stimuli of various modalities 
or with an estimation of the speed of mental processes. Later studies 
investigated the effects of various factors upon the reaction time, 
such as readiness to respond, the reaction movement, and the size 
and duration of the stimulus. The modern tendency emphasizes the 
application of reaction time results to more practical situations, as in 
the detection of lying and of accident-prone drivers. The present 
study was a return to the investigation of factors affecting reaction 
time, but with the application of a new type of experimental ap- 
proach, called factorial design. With this method, we are able to 
obtain not only an evaluation of the factors but also of the inter- 
action of the factors. The experiment was also performed to evalu- 
ate the design itself. A description and discussion of the design used 
in this experiment was presented in a previous article (1). 

The problem was to test the significance of the effects of three 
factors: the hand used for response (H), sensory modality (M), and 
the difficulty of discrimination (D). H had two levels, the right (R) 
and left (L) hands; M had two levels, the auditory (4) and visual 
(V) modalities; and D had three levels, simple reaction (no dis- 
crimination) (1), discrimination between two stimuli (2), and dis- 
crimination between three stimuli (3). In Experiments I and II 
these factors were arranged in a 3 X 2 X 2 factorial design, in which 
each of six subjects (college students) was presented with six of the 
combinations of these levels in a random order. In the design the 
interactions, H X M and H X D X M, were partially confounded. 


For the presentation of the visual stimuli, flashlight bulbs (6.2 V) protruded through a black 
painted board, 8” X 8’’.1. The bulbs were arranged to form a square, three rows of three bulbs 
each, approximately 2}’’ apart. Any of these bulbs could be lit from a master board on the 
experimenter’s table. For simple reaction, only the center bulb was lit. For the second level 
of difficulty, pairs of lights were presented in either vertical or horizontal position, the subject 
being instructed to lift his finger from the response key only when the pair was vertical. For 
the third level, the diagonal position was added, it being the ‘correct’ stimulus. 


*From a Ph.D. thesis completed at the University of Minnesota under the direction of 
Dr. Miles A. Tinker. 
1 A complete description of the apparatus and procedure may be found in Baxter (2). 
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Three different buzzers were used in the presentation of the auditory stimuli. As an ex- 
ample the following directions were given for the second level of difficulty: ‘‘ Either of two buzzers 
will sound in the drawer. One sounds like this (—): the other, like this (—). Lift your forefinger 
only when you hear this buzzer (—). Ifthe other buzzer is sounded, keep your finger on the key.” 

The usual precautions of experimenting in reaction time were employed. Extraneous noises, 
lights, and cues were avoided. The simple reaction series had occasional catch trials spaced at 
random. The discrimination series was arranged in a random order so that the subject could not 
tell when the correct stimulus would be given. The subjects were given practice in each type 
of response before the real series was begun. The period between the ready signal and the 
stimulus varied between one and four seconds. The forefinger was used in all cases. The 
reactions were measured to the closest hundredth of a second by means of a Standard Electric 
Time clock controlled by a six volt D.C. starting clutch. 

The question arose as to how many trials were necessary to obtain a fairly stable mean or 
measure for any one situation. Results from preliminary subjects indicated that satisfactory 
means could be obtained if 20 reactions were taken at the first level, 24 from the second, and 32 
from the third level of difficulty of discrimination. The effect upon the results of taking fewer 
trials is discussed in another paper (3). 


Experiments [ and II are exactly the same except that six differ- 
ent subjects were used in each. This duplication was performed in 
order to evaluate the consistency of results based on so few cases. 
Table I presents the results of the first experiment. These means 
are summarized in terms of the factors studied in Table II. 


TABLE I 
MEAN OBSERVATIONS FOR THE COMBINATIONS OF EXPERIMENT I (HUNDREDTHS OF A SEc) 
Ia Id Ila IIIa IIId 
3VL 47 3AL 41 24L 22 IVR 27 2VL 50 2VR 48 
24R 29 2VR 44 1AR 18 24R 33 3VR 48 14L 24 
1A4L 24 3VR 52 3VL 47 14L 23 3AL 34 IVR 26 
IVR 29 24 IVL 22 3VR 49 IVL 27 34R 40 
2VL 51 2AL 24 34R 30 2VL 49 24R 31 2AL 23 
34R 31 14R 20 2VR 43 34L 38 14R 21 3VL 52 
TABLE II 
SumMMARY OF MEans, ExpeRIMENT I (HUNDREDTHS OF A SEc) 
I 2 3 Mean R L 
A 21.67 27.00 35.67 28.11 28.11 28.11 
V 25.83 47.50 49.17 40.83 40.67 41.00 
Mean 23-75 37-25 42.42 34-47 34-39 34.56 
R 23.50 38.00 41.66 34.39 
L 24.00 36.50 43-17 34.56 


Table II shows that the results are in fairly close agreement with 
past studies: responses to 4 are quicker than to V; responses to R 
and L are about the same; as the discrimination becomes more com- 
plex, the reactions are slower. The average response time to simple 
auditory (14) and visual (1V) stimuli is slightly greater than in the 
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data of past studies. With further practice in simple responses, it is 
likely that these subjects would not have deviated so far from other 
subjects. We are not, however, particularly interested in estimating 
accurately any single effect, but in testing the significance of the 
various factors. ‘The results of the analysis of variance are presented 
in Table III. The F values were determined by dividing each of the 


TABLE III 
ANALYSIS OF VARIANCE, EXPERIMENT | 
Source D.F Sum of Squares Mean Square F 
D 2 2229.6 1114.8 145.7T 
H I 0.3 0.3 0.0 
DXH 2 14.0 7.0 0.9 
M I 1456.7 1456.7 190.47 
DXM 2 402.9 201.5 26.3T 
HXM I 6.1 6.1 0.8 
DXHXM 2 96.1 48.1 6.37 
Between Blocks 5 140.1 28.0 3.7* 
Between Days I 30.3 30.3 4.0 
Error 18 137.8 7.65 
Total 35 4513.9 


+ Indicates significance at the 1 percent level. 
* Indicates significance at the 5 percent level. 


treatment mean squares by the mean square for experimental error. 
With this choice of error, the significance of each source is evaluated 
only in terms of the specific levels of the factors used in this experi- 
ment. In some experiments it is possible to generalize about other 
levels of the factors by using an interaction mean square in the test 
of significance. Since the selection of levels in this experiment cannot 
be said to be either random or all-inclusive, the most meaningful 
interpretations can be achieved by using the experimental error mean 
square in the tests of significance. 

Before we discuss the results of Table III let us note the results 
of Tables IV, V, VI which were obtained from Experiment II, the 
duplicate of Experiment I. 

The means of Experiment II (Table V) are slightly different from 
those of Experiment I. We should hardly expect them to be exactly 
the same, but we are interested to see if the differences will affect the 
significance of the various factors and interactions. Let us compare 
the results in Tables III] and VI. The two experiments are in agree- 
ment that D, M, and D X M produce a significant amount of varia- 
tion in the reaction times. Likewise, they agree that there is no 
evidence that H, D X H, and ‘between days’ are significant, and 
that ‘between blocks’ is probably significant. With regard, how- 
ever, to the interactions, H X M and DX H X M, disagreement 
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TABLE IV 
MEAN OBSERVATIONS FOR THE COMBINATIONS OF EXPERIMENT II] (HuNpREDTHS OF A SEC) 
Ia Id IIa Ild IIIa 
3VL 49 34L 52 24L 36 1VR_ 26 2VL 47 2VR 47 
24R 31 2VR 62 14R 17 24R 29 3VR 48 14L 18 
1M4L 23 3VR 66 3VL 55 14L 19 3AL 32 1VR 26 
IVR 33 IVL 26 I1VL 26 3VR 54 VL 23 34R 36 
2VL 51 2A4L 27 34R 42 2VL 48 24R 27 2M4L 32 
34R 33 14R 1g 2VR 54 34L 42 14R 20 3VL 50 
TABLE V 
SUMMARY OF Means, Experiment II (HuNpREpDTHs oF A SeEc) 
I 2 3 Mean R | L 
A 19.33 30.33 39.50 29.72 28.22 31.22 
V 26.67 51.50 53-67 43-94 46.22 41.67 
Mean 23.00 40.92 46.58 36.83 37-22 36.44 
R 23.50 41.67 46.50 37.22 | 
L 22.50 40.17 46.67 36.44 
TABLE VI 
ANALYSIS OF VARIANCE, ExpeRIMENT II 
Source D.F Sum of Squares Mean Square | F 
D 2 | 3637.2 1818.6 | 93.31 
H I 5-4 | 5.4 0.3 
DXH 2 4-4 | 0.1 
M I 1820.4 1820.4 | 93-47 
DXM 2 287.1 143.5 | 7-41 
HXM I 102.7 | 102.7 eh 
DXHXM 2 1.9 0.1 
Between Blocks 5 295.3 59.1 3.0* 
Between Days I 44.4 44-4 2.3 
Exptl. Error 18 350.3 19.5 
Total 35 6550.9 


Tt Indicates significance at the 1 percent level. 
* Indicates significance at the 5 percent level. 


occurs. The difference in the case of H/ X M is not so great, for it 
is considered significant only at the 5 percent level in the second 
experiment, but there is a definite inconsistency in the case of 
DX HX M. 

It should be remembered that the inconsistencies occur with the 
interactions which were partially confounded in the design and which 
are, therefore, based on less information than the other effects. It 
would be desirable to have a design where these interactions are 
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unconfounded. We may also note a difficulty occurring in the as- 
signment of the degrees of freedom for this experiment. The degree 
of freedom assigned to ‘between days’ is orthogonal only to the main 
factors and not to the interactions. It is confounded with unknown 
interaction effects but, nevertheless, in this case it is still insignificant. 
It would be desirable to have ignored the day to day effects in the 
randomization. Moreover, the differences between individuals in 
this design are confounded with interaction effects and are not 
amenable to separate evaluation. To correct these difficulties in 
design, a second design was formed and used in Experiments III 
and IV. 

The second design in simple randomized blocks involved no con- 
founding, each individual being measured in all twelve situations 
instead of only six. These situations were presented in random order, 
three being given on each of four consecutive days. Only three 
individuals were used in each experiment so that the number of de- 
grees of freedom for the two designs would be approximately the same 
and thus more comparable. In the second design the differences 
between individuals are not confused with any other effects, enabling 
us to make a clear evaluation of the importance of individual differ- 
ences. Full information is obtainable on all of the interactions, 
though no information can be secured on the effects of day to day 
variation. A different randomization was used in Experiments III 
and IV. 

The results of Experiments III and IV are presented in Tables 
VII, VIII, and IX. 

The results from Experiments III and IV are almost perfectly 
consistent in judging the significance of the factors and their inter- 
actions. There is one minor difference in that D X M is significant 


TABLE VII 
Mean OBSERVATIONS FROM EXPERIMENTS III anp IV (HunpREpDTHs oF A SEc) 
Experiment III Experiment IV 

I II III I II Ill 
34L 46 2VL 53 14R 16 14R 17 2VL 52 I1VL 28 
2AL 31 3VL 59 IVR 24 24R 22 3VL 46 2VR 53 
3VL 53 14R 29 24R 29 2VL 45 14R 19 14Ll 21 
34R 37 24R 32 VL 24 34R 33 2VR 50 2AR 30 
14R 21 34R 45 2VL 41 14L 17 3AR 33 3VR 57 
14L 21 3AL 43 3VR 47 3VR 49 1M4L 19 2VL 53 
2VL 54 2AL 35 2VR 43 IVR 26 I1VL 26 34AR 38 
24R 25 3VR 53 2AL 31 3A4L 34 24L 28 IVR 29 
2VR 50 VL 32 3AL 35 2VR 47 24R 26 14R 21 
VL 36 IVR 34 3VL 47 VL 24 IVR 25 24L 30 
1VR 29 14L 21 34R 28 3VL 44 3VR 45 3VL 50 
3VR 52 2VR 48 14L 18 24L 24 34L 34 3AL 39 
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TABLE VIII 
ANALYSIS OF VARIANCE, EXPERIMENT III 
Source D.F Sum of Squares Mean Square F 
D 2 2522.7 1261.4 119.0f 
H I 40.1 40.1 3.8 
DXH 2 23.7 11.9 1.1 
M I 1547.1 1547.1 146.0f 
DXM 2 117.4 58.7 5° 
DXHXM 2 15.5 7.8 0.7 
Individual Differences 2 450.7 225.4 23.9" 
Exptl. Error 22 233-9 10.6 
Total 35 4951.1 
tT Indicates significance at the 1 percent level. 
* Indicates significance at the 5 percent level. 
TABLE IX 
ANALYSIS OF VARIANCE, ExPpEeRIMENT IV 
Source D.F. Sum of Squares Mean Square F 
D 2 2500.2 1250.1 390.7t 
H I 1.0 1.0 0.3 
DXH 2 6.0 3.0 0.9 
M I 1936.0 1936.0 605.0f 
DXM 2 392.0 196.0 61.3f 
HXM I 1.1 3.5 
DXHXM 2 6.9 3.5 1.1 
Individual Differences 2 195.7 97-9 30.6T 
Exptl. Error 22 70.3 3.2 
Total 35 5119.2 


t Indicates significance at the 1 percent level. 
* Indicates significance at the 5 percent level. 


at the one percent level in Experiment IV, but just misses that level 
of probability in Experiment III, the one percent level being 5.7. 
With regard to the interactions which were of debatable significance 
on the basis of Experiments I and II, we now find from these later 
results that both H XK M and DX H XM are not significant. 
These later results are in perfect agreement with the first two experi- 
ments concerning the main factors and the other interactions. 

To summarize the results bearing upon the factors studied, we 
may say that for the conditions and the levels of this experiment: 
(1) there is no evidence that the responses for the right and left hands 
are different; (2) there is a significant difference in the response time 
to situations requiring different levels of difficulty of discrimination, 
the more difficult discriminations requiring greater time; (3) reactions 
to visual stimuli require more time than reactions to auditory stim- 
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uli; (4) there is a significant interaction between sensory modality 
and the difficulty of discrimination, which is chiefly due to the fact 
that there is no evidence of a difference in the length of response in 
discriminating horizontal and vertical pairs of lights (second level) 
as compared to discriminating diagonal from horizontal and vertical 
pairs (third level); (5) there is no evidence of any significant inter- 
actions with the ‘handedness’ factor; (6) reaction time varies signifi- 
cantly between individuals; (7) sensory modality and difficulty of 
discrimination are associated with about equal amounts of variation; 
(8) consistent results concerning the main factors were obtained with 
the use of only three subjects arranged in factorial design. 


COMPARISON OF THE CONFOUNDED DESIGN AND 
THE RANDOMIZED Btock DESIGN 


(1) Results.—The data from both designs gave approximately the 
same judgments as to the hypotheses. 

(2) Interaction Information.—The partially confounded design 
lost a portion of the information on H X M and D X H X M, while 
the completely randomized experiment gave all the relevant informa- 
tion. The disagreements in results from the two designs occurred 
with these interactions. 

(3) Relative Efficiency.—The two designs have about equal pre- 
cision as measured by the traditional ratio of the standard error of 
the treatment mean divided by the grand mean, the ratios being 
about two percent. Confounding in the first two experiments should 
not be expected to reduce the error variance, because it could not 
decrease the individual differences. The confounding merely helped 
by decreasing the total number of situations in which the individual 
was measured. Yates found approximately the same degree of efh- 
ciency in agricultural experiments using this design (4). It would be 
dangerous to conclude from this that a design of a certain efficiency in 
agriculture will have the same efficiency in psychology. It does show 
that psychological experiments can reach efficiencies equal to those 
in crop investigations. 

(4) Ease of Procedure.—The two designs were of equal difficulty 
for the experimenter to follow. It was difficult, however, to obtain 
subjects for the unconfounded experiment since fewer students could 
arrange to come at the same hour for four consecutive days. This 
restriction concerning the hour was considered necessary since no 
other effort was made to remove this source of variation from experi- 
mental error. 

(5) Statistical Calculations.—The corrections for the partial con- 
founding in the first design introduced special calculations which 
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were not needed in the other design. As the formule for the correc- 
tions are arranged by Yates, these corrections can be made easily 
and quickly, and should not be considered as a drawback to the design. 

(6) Interpretation of Results —The confounded design fails to give 
a pure estimate of the individual differences because of the partial 
confounding. If the psychologist is interested only in removing the 
individual variation from his estimate of error, both designs are 
equally efficient for this purpose. As arranged, neither design allows 
a pure measure of day to day variation. The unconfounded design 
has a less adequate sampling of subjects, though both designs could 
hardly be considered an adequate sampling to answer the problem 
of estimation. 

On the basis of the above discussion, the unconfounded design 
appears to be the more desirable. It is equally efficient, is easily 
interpreted and calculated, and gives full information on all inter- 
actions. A further improvement might be the addition of one repli- 
cation so that, with appropriate randomization, an estimate of day 
to day variation could be obtained and removed from error. 


(Manuscript received June 8, 1942) 
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AN INEXPENSIVE MULTIPLE-EXPOSURE EXTENSION 
FOR THE SIMPLE MEMORY DRUM 


BY JOHN P. FOLEY, JR. AND CHARLES N. COFER 
The George Washington University 


In many experiments on verbal and nonsense syllable learning in 
which the memory drum is employed it is economical of both time 
and effort to utilize a number of exposure apertures. In this way the 
materials can be adjusted for presentation in advance, and no shift- 
ing and readjustment of tape during the experiment proper is neces- 
sary. In fact, in that type of experiment in which two or more lists 
should be presented in immediate succession, the need for multiple 
exposure apertures is imperative; and it is likewise highly probable 
that even in those cases in which immediate presentation of successive 
lists is not required, the delay caused by changing tapes will not be 
uniform and hence may differentially introduce the possibility of ex- 
tinction or associative inhibition into an otherwise rigorously con- 
trolled experiment. 

A survey of the various catalogues of laboratory apparatus re- 
veals a lack of commercially available memory drums with more 
than one aperture. Not only do most of the drums have but a single 
aperture, but most of them, such as the Stoelting-manufactured Uni- 
versity of Chicago drum! are very expensive. Even the well-known 
Ranschburg memory apparatus? contains but a single radial aperture. 
More recent memory drums, such as those made by Gerbrands,? like- 
wise have one aperture, although in the case of the more expensive 
Gerbrands drum the single aperture is large (7 in. X 23 in.) and the 
extra torque from the 1/75 horsepower motor permits the addition 
of a long paper attachment upon which a number of lists of words 
or syllables can be written. The multiple-aperture drum developed 
by Hull‘ is ideal for the presentation of from one to four lists, al- 
though it is not commercially available. The same is true for the 
multiple-aperture drums used at Iowa and Missouri. If a large 
number of smaller drums were at hand, of course, they might be 
used in succession. 


1C. H. Stoelting Co. Psychological and physiological apparatus and supplies: supplement, 
1937, p. 17, No. 21135. This drum is hand-rotated by means of a ratchet and pawl device, 
although the shield is said to contain ‘the required number of oblong apertures.’ 

2 Ibid., p. 92, No. 21151. 

3R. Gerbrands. Scientific instruments, No. M1-4. 

4C.L. Hull. Hypnosts and suggestibility. New York: Appleton-Century, 1933, p. 118. 
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The writers have found that a multiple-aperture exposure shield 
can easily be constructed for use as an attachment with any of the 
small single-aperture drums, such as the Gerbrands. All that is 
needed is an extra wooden base, to the front of which is attached a 
vertical metal or hard rubber shield of the same height and curvature 
as that of the original apparatus. Horizontal apertures of the de- 
sired dimensions but perhaps best resembling the original aperture, 
are then cut in this vertical shield; these apertures may be as many 
as 5 or 6 in number, are located at the same height as the original 
aperture, and are spaced approximately } in. apart. The new at- 
tachment may be painted to resemble the original apparatus. If the 
shields are then placed side by side with the exposure apertures in 
line, the new attachment will appear as an horizontal extension of the 
original apparatus. ‘The words or syllables to be exposed may now 
be typed in properly spaced rows on a wide sheet of paper, and the 
paper pasted in the form of a cylinder, as in the preparation of ma- 
terial for single-aperture exposure. If the paper cylinder is now 
placed on the drum and the exposure material correctly aligned, the 
friction of the paper on the drum will be sufficient to prevent slipping, 
and revolution of the paper cylinder will expose the respective lists 
simultaneously in all apertures. The experimenter may now close 
off all but one (or more) of the apertures, either by means of a perma- 
nent shutter attached to each aperture or by the use of opaque 
scotch tape. In this way a single pre-experimental setting of the 
cylinder will suffice, and the experimenter can shift from list to list 
with a minimum of time and disturbance. ‘The entire extension can 
be built at a negligible cost, and can materially increase the research 
value of the usual single-aperture memory drum. 


(Manuscript received May 11, 1942) 
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